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PREFACE. 


In this little book an attempt has been ma(J« to 
determine and explain the nature of some||Of the 
most important changes which are characteristic 
of and peculiar to living beings. Technical terms 
have been as far as i^ossible avoided. Many of the 
matters I have thought it desirable to consider are, 
however, cr)mplicated and iiiti'icate, indeed of a 
clia-racter not generally dis<?usscd in text books, and 
1 fear that, in some instances, 1 have failed to 
render vvliat 1 have tried to convey as clear and as 
intelligible as I desired. Most of the inferences 1 
have drawn concerning very difficult questions rest 
^ipon actual facts of minute reseai’ch, but I have 
ventured to speculate upon some matters which 
are al present beyond the sphere of observation. 

The reader will probably admit that the first part, 
of his task is not a difficult one, but as he progresses 
1 fear he will tind the book becomes more difficult to 
\ad. In the last four lectures some rather abstruse 
ints in physiology have been brought under the 
adent’s notice, but the facts upon which the con- 
?lusions so far deduced have been based are recorded 
ind explained. 
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PREFACE. 


Some of the investigations have been published 
in detail in memoirs that will be found in the Phil. 
Trans, of the Royal Society, the Trans, af the 
Microscopical Society, and elsewhere. The very last 
observations upon which I have been engaged have 
been included in Lecture XII, and four of the 
drawings in Plates XV, XVI, XIX and XX hav 
bfeen prepared to illustrate them. 

Hpw far the experiment of introducing the results 
of rec^t investigations into a little text book has 
been successful I mnst leave others to judge. My aim 
in this and other works has been not only to 
teach facts, but to encourage students to educate 
themselves for original enquiry in order that they 
may add new facts to those already known, and thus 
advance the department natural knowledge they 
have selected for their life’s work. 

61, Grosvexor Street, 

September, 1872. 
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2r^ IMPORTANCE OF GOOD SPECIMENS. 

tihe conclusions of one observer should be strangely at 
variance with those of another. Like the living 
things of which it treats, physiology is incessantly 
changing, and. the true physiologist endeavours not 
only to add to existing knowledge, but so to add that 
further changes, which he knows are inevitable, may 
be made with the least possible derangement. In 
progressing, he desires to provide for further, and he 
hopes unceasing, progress. 

e 2. Importance of urood specimens. — Few things are 
more difficult than to observe and interpret correctly 
the meje structure of the tissues of man and animals. 
It is, diherefore, all-important to obtain specimens 
which shall demonstrate clearly any new facts we 
think we have proved. Every effort has been made 
to illustrate by specimens the views I shall advance 
in these lectures ; hut the difficulties in the way of 
obtaining and preserving good preparations, which 
positively demonstrate at one view the facts upon 
which conclusions concerning structure and growth 
have been based, are so great that I scarcely think 
my efforts can be attended with complete success. 

S. Maipnlfyins powei;a employed. — The specimens 
which I shall have to describe have all been prepared 
upon the same definite plan, and have been preserved 
in the same medium. They have been examined under 
objectives magnifying from 50 to nearly .3,000 diame- 
ters.* In order that some idea may be formed pf the 
degree of amplification of the one-fiftiefh object-glass 
made for me by Messrs. Powell and Lealand in 1864, 
I may be permitted to mention that if it were possible 
to see a hair in its entire, width under this power it 
would appear to be nearly one foot in diameter, and 
an object an inch in height would he made to appear 
as if it was 250 feet high. 

4. lilvlDM and non-living. — I shall have to direct 

♦ Proceedings of the Royal Society, Jandary 19, 1865. "How 
to work with the ij^icroscope/' 4th edition, p. 286. 



CHANGES OCCUBRING DURING LIFE. 


3 


attention to some facts whicli have led me to conclude 
that certain phenomena manifested by part of the 
material substance of which all living things are 
composed, are peculiar to the living world ; that be- 
tween the living state of matter and its non-living state 
there is an absolute and irreconcilable difference ; that, 
so far from our being able to demonstrate that the 
non-living passes by gradations into, or gradually 
assumes the state or condition of, the living^ the tran- 
sition is sudden and abrupt ; and that matter already 
in the living state may pass into the non-living con- 
dition in the same sudden and complete manner ; that, 
while in all living things chemical and physica^ctions 
occur, there are other actions, as essential as they are 
peculiar to life, which, so far from being of this nature, 
are opposed to, and are capable of overcoming, phy- 
sical and chemical attractions. And I think the 
evidence which I shall adduce will prove conclusively 
that the non-living matter is the seat of the physical 
and chemical phenomena^ occurring in living beings, 
but that the vital actions occur in the living matter 
only. Moreover, we shall see that this living matter, 
which exists in every li%ung thing in nature, can be 
easily distinguished from all matter in the non-living 
state. 

5. Chancres occurriiicr during life. — I shall not con- 
fine myself to the demonstration of the structure of tis- 
sue^ which have been removed from the dead body, but 
shall endeavour to describe what probably takes place 
during life while these tissues are being developed, 
are growing, and are acting each in its own peculiar 
way. And if I fail in ray.attempt to give, as it were, 
an account of the life-history of a tissue, I trust I shall 
at least be able to assign a more definite meaning to 
the w’ords “life,” “living,” “vital,” &o., than has 
been done hitherto. It would be presumptuous in 
me to hope to place on a more sure foundation the 
science of the living, but I shall ^o my utmost to 
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rescue physiology, for a time at least, from be^ug con- 
sidered a mere subsection of physics. 

6. litYins particles. — It is difficult for the mind to 
realise the wonderful minuteness, the extraordinary 
number, and the almost universal distribution of par- 
ticles of living matter. Not only are they found in 
and upon the earth and water, but the air teems with 
them, and is, as is well known, the medium by which 
some particles of comparatively large size and even of 
oomplex organisation are carried from the place of 
their formation to the seat of their development and 
growths But of microscopic germs the fiir contains 
vast qUiantities differing entirely in their nature, their 
mode of origin, and in the results of their develop- 
ment. Living particles giving rise to various forms 
of microscopic fungi are wafted by currents of air 
into situations favourable for their development, and 
may become the active agents in every kind of fef- 
mentation and putrefaction, as has been proved by 
Pasteur. In the same v’^ay there is reason to think 
particles of living matter capable of giving rise to the 
most serious and fatal diseases of which man is the 
subject are carried to an organism which is in a state 
favourable for their reception and germination. No 
doubt millions of such living particles perish for every 
one that germinates. Some are much more easily 
destroyed than others. Certain kinds retain their 
vitality for a comparatively long time in a moist warm 
atmosphere, and it is not improbable that they may 
even grow and multiply, and perhaps produce particles 
differing from them in properties or powers. Some 
of these particles possess inherent motion, and it is 
probable that they climb, as it were, through still and 
moist air, just as amoebas and certain other living par- 
ticles are capable of climbing in any direction through 
water which is in a state of perfect rest. Minute par- 
ticles possessing these inherent powers of active move- 
ment can insinuate themselves into the slight chinks 
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in fullyt formed tissues in every part of the body, and 
may easily make their way along the crevices between 
protective epithelial cells into the tissues beneath, and 
then through the thin walls of the smallest vessels 
into the blood. 

'3- Of obtalnlngr Uylnir particles from air. — Very 
minute living particles may be obtained from the air 
in many ways. Perhaps the simplest process is to 
allow the vapour of the atmosphere to condense on 
the sides of a perfectly clean glass vessel* filled with 
ice. The drops of water as they trickle down the 
sides are to be received into a conical glass, sftid any 
living pai’ticles entangled in the fluid can be deflected 
upon microscopical examination with a sufiiciently 
high power. In many instances two kinds of particles 
will bo found — one soft, exhibiting movements in the 
fluid in which it is suspended; the other spherical or 
oval in form, comparatively firm, and possessing con- 
siderable resisting power. The first are often ex- 
tremely minute, and so vet«jr*transparent that they can 
only be distinguished from the medium in which they 
are suspended by very high magnifying powers, used 
with the greatest care and under the most favourable 
circumstances. 

8. Two kinds of matter in a llvingr partidle. — Fur- 
ther examination enables us to demonstrate that the 
particles last spoken of are composed of matter in 
two diflerent states : 1, a firm envelope closed at all 
points; and 2, a little delicate transparent matter 
within this, and resembling the material of which the 
first kind of particles seems to be entirely composed. 
I shall presently endeavour to show that these cap- 
suled particles of living matter were not always so 
inclosed, and that the capsule was, in fact, formed in 
consequence of changes taking place upon the surface 
of a particle of living matter like the particles first 
referred to. • 

9. Two kinds of Uvinn particles.-r-Living things 
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in water, and living things on or in the ground, may 
in like manner be divided into (1) those which con- 
gist of living matter capable of moving in every direc- 
tion, of dividing and subdividing, and investe(I only 
with a very thin layer of fluid or semifluid matter, 
and (2) those which arc covered with a layer of a 
more or less resisting material, which interferes with 
or entirely prevents such movements of the living 
matter as have been referred to above. 

10. An elementary part. — So also the elementary 
parts of which all the tissues and organs of man and 
all the higher animals are composed are found to con- 
sist orthese two classes of particles — the first exhibit- 
ing the general characters already described, the last 
manifesting a great variety of form, structure, and 
properties, according to the an'angemont, character, 
and composition of the external or enveloping matter. 

The great difference between particles of apparently 
naked matter and particles enclosed in a thick en- 
velope or capsule is but k difference of degree. The 
first, or apparently naked particles, are perhaps in- 
vested with so very thin a layer of soft and perhaps 
fluid formed substance that it follows the movements 
of the living matter, and is almost invisible ; while 
in the last this formed matter has increased in thick- 
ness, and has undergone condensation, so as to inter- 
fere with the free motion of the living matter within, 
or, at most, to permit it only to move round and 
round within its prison wall. Our investigation is 
therefore narrowed to the study of the changes taking 
place in the transparent living matter itself^ and the 
production of the material tlpon its surface, 

11. First staire of beingr of every llvlniir thtiiir* — 
Even man and the higher animals, as well as every 
other living thing, begins its life as a minute spherical 
particle, hardly to be distinguished from those minute 
particles of simple living matter 'suspended in the 

(§ 6). The^ particle consists of colourless trans- 



FORM, STRUCTURE, COLOUR, MECHANISM. 


7 


parent tiemi-fluid matter capable of moving in every 
pari and in all directions. Man and animals, plants, 
fungi, monads, thus exhibit the same appearances, 
and tlfe matter of which they consist exhibits similar 
characters. Each primitive particle was derived from 
matter like it which existed before it. It was simply 
deta(ihed from a parent mass. 

12. Form, structure, colour, mechanism. — 1 hope to 
conrince you that all form, colour, structure, me- 
chajiism, observed at a later period in the life-history 
of living things, result from changes in this primary 
structureless, colourless material. This primary 
maiter of living beings which looks like mere j^lly or 
a little clear gum or syrup, exhibits actions and un- 
dergoes changes unlike those occurring in every other 
kiad of matter known to us. Although we can make 
many different substances exhibiting very r era aricable 
ffopertics, and machines capable of doing many kinds 
of uvork, and constructing wonderful things *, no one 
has ever been able to obt^wu any chemical compound 
having the properties of this living speck, or any 
mechanism which acts as this wonderful transparent 
matter acts. The colourless, structureless matter, 
characteristic of and peculiar to all life on the earth, 
and in air and in water, is capable of moving in every 
part and in every direction. The movements are not 
such as are produced by vibrations communicated to 
the fhiid or semi-fluid substance from matter in vibra- 
tion in its neighbourhood, but the impulse proceeds 
from within the matter itself. The cause of the move- 
ment has not been ascertained. The facts will be 
more particularly described in Lecture lY. 

13. Conversion of tlie iion-livlngr Into the living. — 
Every kind of transparent colourless living matter 
takes up lifeless material which it changes. Certain 
elements of this are assimilated and converted into 
matter like that*bf which the living matter consists. 
After a time the matter which has bectpne living under- 
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goes further change. It, or part of it, ceases to mani- 
fest its remarkable properties, and becomes resolved 
again into non-living substances, which are sometimes 
gaseous, sometimes fluid, sometimes solid. And very 
often the same living matter is resolved into sub- 
stances in these three physical states. The solid 
matter that is formed may exhibit structure, or it may 
be structureless. It may be passive, or it may postess 
very active non- vital properties, as will be partbu- 
iSrly discussed further on. 

14. Livltigr matter, or Bioplasm. — This wonderful 
matter i’o which I shall have frequently to refer in 
every part of this volume, moves and grows. Every- 
thing else in nature may he moved and caused to 
increase by aggregation — by particles being added to 
those already collected ; but this alone of all matter 
in the world moves towards lifeless matter, incol- 
porates it with itself, and communicates to it in some 
way we do not in the least understand, its own tran- 
scendantly wonderful pro’perties. The matter in ques- 
tion is living matter. This matter, then, which is 
found in all living things, and in these only, is 
peculiar, and is to be distinguished from matter in 
every other state, be it ga^seous, fluid, solid, crystalline, 
or colloid, structureless or having structure. This is 
the matter which lives. It may be correctly called 
living ov forming matter, for by its agency every kind 
of living thing is made, and without it, as far hs is 
known, no living thing ever has been made, or. can 
be made at this time, or ever will be made. As the 
germ of every living thing consists of matter having 
the wonderful properties klready mentioned, I have 
called it germinal matter ; but the most convenient and 
least objectionable name for it is living plasma or 
bioplamn (^lo^ life, irXaafia plasm, that which is capable 
of being fashioned). Bioplasm is found in every tissue 
in every part of the living body as long as life lasts. 

15. Protopiasui. — The matter which I have termed 
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formings living or germinal matter, to which I have 
more recently given the name bioplasm, has been 
lately spoken of by others as protoplasm. And it 
has b&n hinted, though not definitely stated in print, 
that in my memoirs I had simply altered the name of 
matter which had been previously described by others. 
But such is not the fact as the most influential of my 
. opponents well know. The word protoplasm would 
have been used by me had the term been restricted 
to the matter of the tissues, which I termed living or 
germinal matter, and which I showed, in my lectures 
at the College of Physicians in 1861, underwent con- 
version into formed matters, and was conceAed in 
forming all tissue. But under the term protoplasm 
has been included, the contractile tissue of muscle, 
the axis cylinder of the nerve fibres, processes of 
nerve cells, and many other textures which un- 
doubtedly consist of formed mMerial, and are entirely 
destitute of the properties which invariably belong to 
my “ germinal matteir,” or*bioplasm.* Moreover, the 
nucleus and nucleolus were by many writers considered 
to be distinct from the protoplasm. On the other 
hand I showed that the nucleus and nucleolus were 
living. My bioplasm, germinal, or living matter 
therefore includes both nucleus and nucleolus as well 
as some forms of the protoplasmic matter of authors. 
Moreover, my paper on germinal matter had been 
writlfen before the subject had been at all discussed, 
either on the continent or in this country, from the 
point of view I had taken up. Max. Schultze, who 
wrote after me, concerning the nature of the cell- wall, 
remarked that this structure had for me “only an 
historical interest,” and objected to my conclusions. 

16 . Death of Bloiilasm. — All bioplasm must die. 

* But Prof. Huxley has given a yet wider signification to the 
word protoplasm, and makes it stand for almost anything organic. 
His new protoplasm*^ may be dead or living, may exhibit struc- 
ture or be perfectly structureless j nay, it be even boiled or 



10 


DEATH OF BIOPLASM. 


By its death marvellous things are prodncad, and 
wonderful acts are performed. Every form in 
nature — leaves, flowers, trees, shells ; every tissue — 
hair, skin, bone, nerve, muscle — results from the 'death 
of bioplasm. Every action in every animal from 
the first instant of its existence to the last, marks the 
dieath of bioplasm, and is a consequence of it. Every 
work performed by man, every thought expressed by 
him is a consequence of bioplasm passing from the 
state of life, — ceasing in fact to be bioplasm, and 
becoming non-living matter with totally different 
properties. To produce these results tlie death of the 
bioplaSoi must occur in a particular way, under par- 
ticular circumstances, or conditions. These are often 
very complex, and as yet very imperfectly ‘under- 
stood; but it will be my business to endeavour to 
elucidate them, as far as I am able, in this volume. 

It. Products of the death of Bioplasm. — ^Wlien the 
life of a mass of bioplasm of any kind is suddenly 
cut short, lifeless substanpes having very similar 

roasted without ceasing to be protoplasm ! The protoplasm of 
Huxley includes both my biophism and formed material, and 
although these things are to^e distinguished from one another 
by so many essential characteristics, Mr. Huxley continues to 
affirm that both are protoplasm, though he is obliged to admit 
that one is “ modified” protoplasm. More than twenty years ago, 
Huxley added to the confusion at that time existing on the cell' 
theory, by affirming that the cndoplasti (my germinal matter) 
was unimportant, and but an accidental modification «f the 
nucleus, which was sometimes altogether absent. He wrongly 
attributed formative properties to the formed lifeless periplastic 
substance, which is perfectly passive. But his new proto- 
plasm” is a compound to which it would be difficult to find any- 
thing analogous even in the annals of conjectural science. In 
that substance he has re-united the very matters he had before 
“differentiated,” and has given rise to a further confusion 
of ideas by calling such things as white of egg protoplasm. 
Until, therefore, the term “protoplasm” is by common consent 
restricted to matter while it is living and growing, I must 
employ for the latter some other word which more accurately 
defines it, and “ bioplasm ” seems upon the whole the most 
convenient, as well^as the shortest word that can be selected. 
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properties result. These substances belong to four 
different classes of bodies. One separates spon- 
taneously soon after death. Another is a transparent 
fluid, ^hich is coagulated by heat and nitric acid. 
The third consists of fatty matter ; and, the fourth, 
comprises certain saline substances. When a mass 
of bioplasm dies it is in fact resolved into — 1, fibrin ; 
2, albumen ; 3, fatty matter ; and 4, salts. These 
things do not exist in the matter when it is bioplasm, 
but as the latter dies it splits up into these four 
classes of compounds. 

18. Bioplasm havtngr died cannot lire acraln. — 

Once dead, bioplasm ceases to be bioplasm, *nd is 
resolved into other things ; but these things that are 
formed cannot be put together again to reform the 
bioplasm. They may be taken up by new bioplasm, 
and so converted into living matter ; but the bioplasm 
that existed once can never exist again. All bio- 
plasm must die, but rcAmnfj is, as far as we know, 
impossible, and scientificaljy^is inconceivable. 

19. A cry.stal may be rc-crystalllsed. — A crystal 
may be dissolved in water and new crystals formed, 
but a particle of bioplasm can ho more be dissolved and 
reformed than a man can be dis'^olved and re- crystal- 
lised. The difference between living matter and life- 
less matter — between bioplasm and the things which 
result from its death, is absolute. The change from 
one tftate to another is sudden and complete. 

20. A magrnet may be re-maiirnetlzed. — The steel 
of which a magnet is composed can undoubtedly be 
uumagnetized and re- magnetized as often as we will ; 
but the analogy which Brof. Owen has sought to 
establish between the magnetized steel, and the living 
organism is surely most fanciful. What two things 
are more unlike than a piece of steel and a dead 
organism, and what phenomena that we know of have 
less in common 1;han magnetic phenomena and vital 
phenomena ? 



12 A DEAD THING CANNOT BE RE- VITALIZED.^ 

21. A dead thlniir cannot be re-yltallzedii — Prof. 
Owen Has remarked that “ there are organisms 
(Vibrio, Rotifer, Macrobio tns, &c.), which we can de- 
vitalize and revitalize, devive, and revive ‘haany 
times ! ” But, the Professor in this sentence uses 
two words having different significations, as if they 
had the same meaning. To revive and remtalize are 
two very different things. That which is not dead 
may be revived, but a thing that is dead cannot be 
revitalized. The animalcule that can be revived has 
never been dead. The half-drowned man who revives 
has neyer died. The difference between the living 
state and the dead state is absolute, not relative. 
The matter from which life has once departed cannot 
be made to live again. 

22. Blflterent kinds of Bioplasm. — Since all bio- 
plasm possesses certain common characters, and the 
bioplasm of one plant or animal produces formed 
matter of a very different kind from that resulting 
from another portion of-hiGplasm, we must admit 
that in nature there are different kinds of bioplasm 
indistinguishable by physics and chemistry, but en- 
dowed with different powers, flourishing under differ- 
ent circumstances, consuming different kinds of 
pabulum, growing at a different rate and under very 
different conditions as regards temperature, moisture, 
light, and atmosphere, possessing different degrees of 
resisting power, and dying under very different cir- 
cumstances, having varying powers of resisting 
alterations in external conditions. 

28. Origin of Bioplasm. — Concerning the origin 
of bioplasm, we have no .knowledge or experience. 
Lucretius fancied that atoms came together under 
certain circumstances, and that thus living things or 
their seeds were produced. Some of the most *ad- 
vanced minds of the present day entertain a somewhat 
similar opinion. But both ancients and moderns base 
their doctrine on conjectures and their own peculiar 
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interpretation of facts. When these fail, they resort to 
dogma. The idea of spontaneous generation is being 
continually reviyed. New facts are advanced in its 
favour, but examination proves that the supposed 
new facts are not facts at all. Whether one primi- 
tive mass of bioplasm was caused to be, in the first 
creation, or five, or fifty, or whether thousands or mil- 
lions rushed simultaneously or successively into being, 
is open to discussion, but the arguments in favour of 
the view that a minute mass of structureless bioplasm 
was the first form of living thing, are so overwhelm- 
ing that they must carry conviction. The formation 
of tissues, organs, limbs, must have been a subsequent 
and very gradual operation, proceeding slowly by 
gradational changes according to certain laws. All 
evidence teaclies us that from the first beginning of 
life, biqplasm has proceeded from bioplasm, and the 
formation of bioplasm direct from non-living matter 
is impossible even in thought, except to one who sets 
absolutely at nought the factetof physics and chemistry, 
and is perfectly blind as regards the ordinary phe- 
nomena of the living world continually succeeding 
one another before his eyes. • 

24. The clianuTCs of bioplasm and its conversion 
into tissue. — mass of bioplasm exposed to certain 
special conditions which differ as regards heat, mois- 
ture, pabulum, and which vary with every kind of 
bioplasm, grows, divides, and subdivides into multi- 
tudes of masses. Each of these grows and sub- 
divides in the same manner until vast numbers 
result. By these apparently similar masses of bio- 
plasm, different tissues, organs, and members are 
formed. Some give rise to tubes which carry the 
nutrient fluid to all parts of the body. Some are 
concerned in taking oxygen from the atmosphere 
and giving up carbonic acid to it. Others separate 
materials resulting from decay, and convert these into 
substances which can be easily removed altogether 
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from the body. Other collections of biopljfisii give 
rise to bone, to nerve, to muscle, and other tissues, 
while from others, organs so delicate as the eye and 
the ear proceed by gradual process of development, 
and convince us of tlio marvellous and inexplicable 
powers possessed by the formless bioplasm by which 
alone any of them could be formed. At length all 
the complex and elaborate forms of apparatus which 
make up the body of a living creature result. These 
•excite our wonder the more thoroughly we study 
them, whether in what we call the lower or the 
higheit creatures. These organs and structures per- 
form^ their appointed work for the appointed time, 
decay, and are resolved into formless matters of 
interest to the chemist as well as to the anatomist 
and physiologist. 

25. Different tissues In the body. — The body of a 
living animal is composed of many different tissues 
performing very different acts, and designed from 
the first to fulfil differei^t purposes as proved by the 
fact that each working tissue has to pass through 
several stages of formation, during none of which 
does it work or serve any useful purpose. But these 
stages of inaction were neces.sary for its construction ; 
and the ultimate form it was to take, and the duty 
it was to discharge, must have been defermined from 
the first, when it was without form, and when no 
one could have premised either the form it was to 
assume, the work it was to do, or say why it existed 
at all. 

Bone and flesh or muscle, and cartilage or gristle, 
cuticle, nail, and hair, nerve, fibrous tissue, are ex- 
amples of difierent tissues. The tissues of the body 
ch^ge with age. The muscles of a .young man are, 
weight for weight, more powerful than those of an old 
person or a young child. The tissues vary under dif- 
ferent conditions. In health the ‘same muscles and 
nerves will do Jar more work without fatigue than they 
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can perform at all when the person is out of health. 
The tissues of the aged are dryer than those of the 
adult, and the tissues of the infant are very soft and 
succulent. The tissues lose water and become 
firmer, tougher, and some of them more brittle as 
age advances, and the rate of nutrition and growth 
aie modified accordingly . 

26. Young growing tissues contain much water. — 
The succulent tissues of the young grow fast, but 
the dry textures of the aged shrink and waste 
instead of growing. The rate at which a tissue 
grows varies greatly at the different periods>of life. 
All the different tissues aie formed at a veryJ early 
period of life — Jong before birth, at which time all 
the tissues exist though in a very soft and sncculent 
state, and are easily injured, owing to their delicacy 
and want of firmness. This difi'crence in the rate 
of grow’th at difleront ages is due entirely to the more 
ready access of pjihulum at the early stage, as will be 
more fully explained in another lecture. 

2^. All organs conic from liloiilasni. — All the dis- 
similar tissues of a man are represented by the soft 
transparent bioplasm which of the same consistence 
throughout and possesses the same character in every 
part. At the fii st the quantity of this bioplasm is 
so very small lliat it can only be seen through a micro- 
scope. It looks perfectly clear, and there is no indi- 
cation of structure in any part. Yet the skin and 
bones and muscles and all the other organs ulti- 
mately conic from it. It takes up food and increases. 
Gradually certain portions begin to form one tissue, 
and other portions another,, and so on, until indica- 
tions of all the different textures are to be made out, 
but being so soft and delicate their examination re- 
quires the greatest care. 

28. Bloplas^m In licalth and disease and at all ages. 

— The bioplasm in all living things undergoes change. 
The lifeless food we take becomes converted into bio- 
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plasm, and then this latter is changed into th^ lifeless 
nntrient materials which are taken up by the several 
forms of bioplasm which are concerned in the forma- 
tion of the tissues. But bioplasm exists at all ages. 
It is to be detected in every tissue, be it healthy or 
diseased, simple or complex. Without it the tissue 
could not grow, and could not be repaired if it was 
injured. Without this it could not be said to live. In 
fact, the tissue that is formed is not living. The bio- 
plasm only is alive, and the proportion of bioplasm 
decreases as the tissue grows old. A.t first the little 
speck ^f matter out of which the man or animal or 
plant* IS to be formed consists entirely of bioplasm, 
then soft temporary tissue appears, but the propor- 
tion of bioplasm to tissue remains very considerable 
for some time. Gradually, however, the tissue in- 
creases, and the proportion of living matter decreases, 
at last becoming so small that in many textures it does 
not amount to the i-Jiyth part of the whole. In many 
cases this small particle of living matter dies, and 
then the tissue is incapalbTe of further change. It is 
all dead. If injured it cannot be repaired. It is no 
longer 'nourished. It no longer performs its function. 
It may yet remain connected with the living body, but 
it is as dead as the lifeless dried up leaf that still clings 
to the living stem, though every vital connection has 
long since been severed. 

29. Of difference In structure. — On taking a gene- 
ral survey of living things, the untrained stu(fent is 
impressed by the very wide and apparently irrecon- 
cilable differences in appearance and general charac- 
ters exhibited by the multitudes of living forms familiar 
to him. A star-fish and an ox, a butterfly and a fish, 
an oak and a medusa, seem to differ from one another 
at least in as great a degree as any one of them dif- 
fers from a stone, from water, or from air. But, on 
the other hand, after careful and prolonged study, 
the student becomes so familiar with the many ]X)ints 
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in whiblj these things resemble one another that soon 
it becomes difficult for him to believe that, different 
as all are. from stones and inanimate objects of every 
kind, Uiey are not very closely related to one another ; 
and belief in this view may be strengthened by de- 
tailed research with the aid of very refined methods of 
investigation. The student will undoubtedly discover 
certain essential points in which all agree, and although 
the living things referred to differ from one another 
so enormously in dimensions, he soon finds t)ut that 
the- elementary parts of which the textures of all 
are composed difter comparatively slightly from one 
another even in size, while in general structui^ and 
appearance they are really much alike. Nor is 
any great difference in chemical composition to be 
demonstrated by chemical analysis. Moreover it can 
be shown that certain phenomena connected with the 
increase of tissues ai‘e common to them all, and when 
each is examined at a very early peripd of its forma- 
tion, the resemblance between many dissimilar tissues 
is found to be so close that it might be inferred that all 
were identical at first, and that the ultimate divergence 
was due rather to the different circumstances under 
which each was evolved from tte homogeneous than to 
any inliereiit peculiarities, properties, or powers of 
the bioplasm that evolved them. There is, indeed, a 
period in the development of every tissue and every 
living thing knowm to us when there are actually no 
structural peculiarities whatever — when the whole or- 
ganism consists of transparent, structureless, semi- 
fiuid living bioplasm — when it w ould not be possible 
to distinguish the growing moving matter which was 
to evolve the oak from that which w'as the germ of a 
vertebrate animal. Nor can any difference be dis- 
cerned between the bioplasm matter of the lowest, 
simplest, epithelial scale of man’s organism and that 
from which the nerve-cells of his brain are to be 
evolved. Neither by studying bioplasm under the 

‘ C 
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embryo leaf cossists. The bioplasm is pffr&ctly 
transparent and looks like pure water. The cavity in 
which it lies has been termed a space or vacuole which 
was supposed to be occupied by mere passive ®fluid. 
But the colourless material is living bioplasm, and so 
important that the walls of the spaces (cellar walls) 
co^d not have been formed except by its agency. 

8S. Cartilage and Its bioplasm.-— *In a piece of 
cartilage or gristle it is easy to see the little masses 
of transparent structureless bioplasm, and distinguish 
these fii)m the firm cartilage material which inter- 
venes, qnd which has been formed by them. The 
structure of cartilage will be again referred to. 

38. Epithelium and Its bioplasm. — If a little of 
the soft matter be removed from the inside of the 
cheek, and examined under a magnifying power' of 
two hundred diameters, it will be found to consist of 
numerous little particles (elementary parts or cells), 
every one of which contains in the central part an 
oval mass of living mattpr, around which is a firmer 
material that has been formed by the bioplasm, 
and was deposited layer within layer. Often very 
distinct concentric ringa may be seen, owing to this 
mode of deposition. The younger the particles of 
epithelium* the larger is the mass of soft colourless 
living bioplasm in proportion to the formed material 
of which the outer part consists, and which has 
ceaSed to manifest vital properties or powers. 

,84. Mucus and Its bioplasm. — If a little yiscid 
mucus be coughed up and examined under the mi- 
croscope it will be found to be very transparent, and to 
exhibit streaky lines here pnd there. At short dis- 
tances will be observed oval particles of transparent 

* Epithelium, fiom iiri upon, and SaXXii) to sprout, for it 
used to be supposed that epithelium grew or sprouted from 
membrane. Epithelium really is formed by bioplasm which 
sprang from preexistiiig bioplasm ; the bioplasm existed before 
the membrane and therefore could not haye sprung from it. 
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living matter or bioplasm, from which the mncns has 
been formed. These correspond with the masses of 
bioplasm of the cartilage and the epithelium, and the 
mnoifs with the formed material of these textures only. 
(See also §§ 79, 80, Lee. IV.) 

85. movements of bioplasm. — The oval masses of 
bioplasm in the mucus, like those in the tissues before 
referred to are alive, but the bioplasm being free to 
move in a soft medium, the remarkable movements 
can be actually observed, and may be studied without 
difficulty with the aid of a -^th of an inch object 
glass, magnifying from six to seven hundred ^ameters 
as will be explained in Lecture IV. No material 
can be made artificially, in which such movements as 
these can be produced. This power of movement is 
invariably possessed by bioplasm. The rootlets of the 
plant extend themselves into the soil, because the 
living matter at their extremities moves onwards 
from the point already reached. The tree grows 
upwards against gravity by virtue of the same living 
power of bioplasm. In every bud, portions of this 
living matter tend to move away from the spot where 
they were produced, and stretch upwards or onwards 
in advance. No tissue of any living animal could be 
formed unless the portions of bioplasm moved away 
from one another. Portions of the bioplasm move und 
place themselves beyond the point already gained. 
The above are vital movements. (See § 80.) 

36; Orlfftn of new centres. — But besides these 
movements another phenomenon still more remarkable 
occurs in connection with bioplasm. In the very 
substance of the Uving jnatter itself, one or more 
spots make their appearance, arising as it were from 
within. They spring up and grow within the living 
matter. Absorbing nutrient material they grow and 
push outwards the bioplasm already existing. Again, 
new points of bioplasm may arise within these last. 
So that we may have two or three diffierent centres of 
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growth, one within the other. The inmost of all is 
the last produced, and this is often found to be 
endowed with powers or properties different from 
those manifested by the bioplasm which pi’eceded it, 
in which it was devoloped, which it is to replace, and 
which perhaps is to he entirely destroyed in order 
that the last, the newly developed bioplasm, may 
flourish for a time, and then give place to new centres 
which in their turn will appear within it. These 
little spots are known as “ nuclei*” The spot within 
the nucleus is the “ nucleolus.” (See § 85.) 

81 . B^plasm must toe nourished. — Every kind of 
living matter when it increases is said to be nourished. 
In order that the act of nutrition may occur it is 
necessary* that the material constituting the pabulum 
or nutrient matter should be brought very close to the 
living matter. A part of the latter then moves 
towards the non-living pabulum. Bioplasm through- 
out its life tends to move away from its centre. Its 
particles seem to be impelled centrifugally towards 
any nutrient matter that may be near to it. Whether 
or not the non-living pabulum is taken up and con- 
. verted into the living ^depends upon a number of 
circumstances which the living is utterly powerless 
to occasion, influence, control, or modify. But these 
external conditions being favourable and the pabulum 
heing very near to the living matter, some of the 
latter is taken up by the living bioplasm, which com- 
municates to cei^in of the non-living constituents its 
own particular properties or powers. • Such essentially 
is the phenomenon of nutrition^ which is universal in 
the living world, and whigh in fact consists of the 
taking up of the non-living matter by living matter 
and its incorporation with it. The non-living is made 
to live by the agency of that which is already diving. 
The process of nutrition of an elementary part is 
more particularly described in Lecture V. 

88. How patoalum may toe toroualit near to tlie bio» 
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plasm.'— iTbe manner in wbicli the pabulum is brought 
into very close proximity to the bioplasm, or into actual 
contact with it is very different in different cases. In 
man aUd tbe bigber animals this operation is provided 
for by a bigbly complex apparatus deserving tbe 
most attentive study. So important is this to tbe 
well-being of the individual that, should any part of 
its intricate structure be impaired or its action modi- 
fied in any great degree, serious derangement of tbe 
nutritive process results, and structural change of tbe 
most important kind in organs of the highest import- 
ance to the life of the complex being is occasioned. 
In the case of tbe simpler forms of life tbe pabulum 
is brought into the immediate vicinity of tbe bioplasm, 
so to say by accident. A breath of air, a drop of 
rain, may contain tbe pabulum which will provide for 
the free growth of some of tbe simplest organisms, 
which increase and multiply in so short a time. 

so. Orpans for Introduclnp food. — In man and 
the higher animals most in^portant organs minister 
to the introduction of pabulum into the intestine 
where multitudes of bioplasm particles are ever ready 
to take it up and grow and multiply at its expense. 
The introduction of aliment is not suffered to depend 
upon our reason and thoughtfulness. If the demand 
for food be not duly satisfied, the sefisation of hunger 
is experienced, and when this becomes intense, every 
other desire, every other interest is in abeyance until 
the demand for food has been satisfied. 

40. Distribution of nourishment. — The bioplasm 
having taken up the nutrient matter from the diges- 
tive tube under^es change; a part of it dies, and 
some of its constituents, dissolved in water, pass into 
the blood which flows in channels close to it. The 
apparatus concerned in the distrihutim of the nutrient 
matter so dissolved to all parts of the body of man 
and the higher animals axii plants, consists of tubes 
so communicating that the contained fluid may tra- 
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verse them freel j and return to the same poiiffc. This 
is circulnMon, In the higher animals and man these 
tnbes and certain organs connected with them, con- 
cerned in the propulsion of the fluid, are comprised 
under the head of circulating orgam, and the fluid which 
continues to circulate in the vessels as long as life lasts 
is called the nutrient circulating fluid, or the blood. 

The Heart. — The most important of these organs is 
the heart, which is a cavity, the walls of which are 
entirely composed of muscle, alternately becoming, 
contracted and relaxed sixty or seventy times in 
a minute, as long as life lasts. When the muscular 
tissueftjontracts, the cavity is much reduced in size,^ 
and part of its contents are forced out into a vessel 
continuous with it. The cavity enlarges again during 
the relaxed state of the muscular walls, and then it 
receives fluid instead of expelling it. This hollow 
muscular heart is connected with different sets of 
tubes or vessels. From one set it receives blood 
which it drives into the other set of tubes. The part 
of the heart which receives is called the auricle or 
receiving cavity, and this opens into the ventricle 
or propelling cavity. When the latter contracts, the 
blood is not driven back into the auricle, because 
some valves between the two cavities are instantly 
closed, and the whole force of contraction is spent in * 
driving the fluid onwards into the large vessel or 
artery. Now, in man’s heart, there are two amides 
and two ventricles. This double heart is necessary 
for driving the blood through the vessels of the body 
generally, and through those of the lungs. The 
right auricle receives the dark blood from the veins; 
it then passes into the right ventricle, by which it is 
driven to the lungs, where it loses its dark colour 
from parting with carbonic acid, and acquires a 
bright red hue from gaining oxygen. Afi»r tra- 
versing the lungs, the blood is received by the left 
auricle from wHch it passes to the left ventricle* By 
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the coiffcraction of this caviiy, the blood is driven 
through the arteries of the sy^stem, and having tra- 
versed the minute ramifications or capillaries, it 
reaches the veins, and is at length poured into the 
right auricle, the point from which we first com- 
menced to trace the course of the circulation. 

But in all these highly complex operations a cardinal 
fact must not be lost sight of, viz., that bioplasm takes 
up the non-living pabulum and causes it to live, and 
that portions of this bioplasm, from time to time, 
undergo change and die, becoming resolved into 
compounds which did not exist before. The foed is not 
^simply dissolved and caused to pass into the Idhod as 
would be inferred from the description usually given, 
but millions of masses of bioplasm live and grow, 
pass throijgh certain stages, and die, yielding up the 
products of their death, to be taken up by other 
bioplasm-particles, situated in the walls of the vessels 
and in the blood itself. 

41. Rapl4 irrowth of litoplasiii In tbe adult and In 
old agre. — Although therefore for the most part the 
bioplasm of the tissues of the adult changes very 
slowly (§ 28), there are parts of the body in every 
complex animal and in man which, even in extreme 
old age, contain bioplasm, which grows and changes 

’ as fast as it does in early life. In the absorption 
of the nutritious matter vast multitudes of little 
naked masses of bioplasm take up, appropriate, and 
change the constituents of the food. Thus these 
little masses grow. After having reached a certain 
size little offsets project from different parts of them, 
and from time to time become detached. It is in 
this manner that the masses multiply. 

42. Rapid irrowtli of bioplasm In disease. — In 
disease the restrictions under which bioplasm grows 
in the tissues are in part removed, and growth takes 
place as rapidly* as', or even more rapidly than it 
ocduTB in the case of the bioplasm^ of the embryo. 
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This is essentially what takes place in infl^ntoation. 
The bioplasm takes up pabulum, and multiplies a 
hundred-fold. In the case of cancer, tubercle, and 
other “morbid growths,” the bioplasm grows '^^much 
faster than healthy bioplasm, and appropriates nu- 
trient pabulum more readily. , ' 

43., Pus corpuscles. — It is through the increased 
growth and multiplication of normal bioplasm masses 
that the morbid “pus corpuscle” results. Pus is 
living bioplasm which grows and increases rapidly. 
Pus may result from the rapid growth of one mass of 
bioplasip, and in twenty-four hours, if nutrient matter 
be fresly supplied, from one mass of normal bioplasm 
thousands of masses of morbid bioplasm or pus may ^ 
result. Every one of these grows, gives off diverticula, 
and so the process of multiplication proceeds. It is 
also by very rapid growth and multiplication of 
bioplasm that disease germs are produced. These 
minute particles of bioplasm formed in one individual 
may pass through the air*and gain access to the blood 
of another, grow”, and multiply there, producing an- 
other case of “ disease.” 

Microscopical Preparations illustratino Lecture II. 

No. of diaroeten 
magnified. 

1. Cartilage, coininon frog or newt, showing bioplasm 

and formed matter . . . , . . . . 215 

2. Bioplasm and formed material, vegetable tissue . . 215 

8. Cells or elementary parts, cuticle, newt. Old cuticle 


on surface. Young cuticle beneath .. .. 216 

4. Cells or elementary parts of capsule of a seed . . 130 

5. Cells or elementary parts of growing seed. . . . 215 

6. Cuticle from the nose of the mole 215 

7. Fat cells with small masses of bioplasm, newt . . 215 

8. Bioplasm, growing fungus . . 215 

9. Bioplasm forming buds or offsets of growing tissue 

at a very early period of development. Mim . . 215 

10. Bioplasm of fungus from a rotten apple . . . . 216 

11. Large masses of bioplasm, newt • • . . • . 216 
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The Ovum or Egg — Of Eeveloj^ment — Interstitial Chan- 
hels — Vessels — Structures and Organs— Alimentary 
Canal — Glands for ^producing Solvent Fluids — The 
Blood for Nutrition — The Lungs for Respiration — 
The Liver for making Bile and Sugar, and altering 
the Blood — The Kidneys for forming and sepqprating 
Excrementitious Matter — Cutaneous Glands for Se- 
creting — Temporary Stmctiires for use while the Per- 
manent Organs are helng fanned — Skeleton — The 
Nervous System — The Muscnilar System — The 
Limbs — The Skin with Touch Organs — The Tongue 
— The Nose — The Ear — The Eye, 

44. Tlie Ovum or Egg. — TJie contents of the bird’s 
egg are not dir(?ctly converted into the tissues of the 
chick, hut probably more than nine h undred and ninety- 
nine thousandths of the egg jof the bird consist of 
pabulum upon which the developing embryo is to live. 
These constituents of the yolk, as well as the albumen 
or white of the egg, are taken up and changed by the 
minute speck of bioplasm which is the germ of the 
growing chick, just as food is taken np and appro- 
priated by other forms of living bioplasm (§ 40). 
As soon as vessels are developed, these substances 
are taken up by bioplasm, just as pabulum from 
the intestinal canal in after lile, and converted into 
blood. From this blood the various substances out 
of which the tissues are formed are taken. The won- 
derful growing point or spot which though so minute 
is the most important part of the egg, can always be 
seen if the egg be placed on its side and a portion of 
the uppermost part of the shell he carefully romoved. 
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There is a white circular area, a little more^han the 
eighth of an inch in diameter, which from being sur- 
rounded by the lightest part of the yolk, is always 
uppermost as the egg lies. In the centre of this is the 
minute mass of bioplasm which is the parent of all 
those from which the tissues are subsequently formed. 
Now in batrachia (frogs, newts, &c.) and fishes the 
part of the ovum which corresponds to the great bulk 
of the egg or the food yolk of the bird is very small, 
beca\Lse the pabulum required during development is 
principally derived from the surronnding fluid, which 
is filtered by passing through a most delicate fibril- 
latedttissue, which surrounds the ovum.* In mam- 
malia the ovum is very minute, and consists almost 
entirely of bioplasm, which takes part in the formation 
of the germ. Its nutrient matter is supplied from 
a soft spongy tissue of the mother, specially formed 
for it. In this it is embedded. It imbibes its pabu- 
lum during the early period of its existence. As it 
grows it derives the subst|inces to nourish it from the 
mother’s blood (§ 58). The germ is not in any 
way dependent upon nutrient matter formed with it 
or soon after it, and inclosed with it in a confined space, 
as in the case of the eggs of birds, and also in those of 
the snake, tortoise, and many other members of the 
reptilia. The mammalian germ is in fact entirely and 
solely dependent upon the maternal organism for its 
nutrition. Moreover the eggs of most reptiles and 
some birds are hatched altogether without the assist- 
ance of the mother, and in few cases is this a necessary 
condition of development. The developmental changes 
proceed quite as regularly and as perfectly when the 
egg is exposed to artificial heat as when it is incu- 

* This looks like the white or albumen of the bird’s egg, but 
it is not albuminous, and consists of ye^ delicate tissue, the 
meshes of which are occupied by water. * It is a structure very 
like the vitreous humour of the eye. 
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batea bjttlie animal heat developed by the maternal 
organism. 

4S. Of development. — At first, however, in all 
cases the minute particle of simple structureless bio- 
plasm (§ 11), out of which a complex organism is 
evolved, gets its nourishment direct from the matter 
which surrounds it, whether this is enclosed with 
it from the first in a firm shell or supplied to it as 
required from the blood of the mother. The fit and 
proper substances are selected by the living matter 
which moves towards them (§ 37), takes them into 
itself, and converts these into more living mati^r like 
itself. Thus the primary living mass, from udiich 
springs every succeeding bioplast that takes part in 
the formation of the’ entire being, increases in size. It 
divides into two or more, and these grow and divide 
and subdivide until multitudes result. But as the 
collection of bioplasts becomes larger by subdivision 
and growth, it is obvious that the component bio- 
plasts must be separated frojn the nutrient food by 
very unequal distances. Without some special pro- 
vision this would involve unequal nutrition. The 
bioplasts upon the outer part or surface being in 
actual contact with the food, would grow quickly, 
whilst those towards the centre of the mass would 
increase very slowly, and would cease to grow at all 
in consequence of little or no nutrient material reach- 
ing them. They would be starved and die. Such a 
state of irregular growth does actually occur in the 
case of certain morbid (cancerous) structures. Owing 
to the circumstance of the irregular distribution of 
nutriment, in one part growth is most rapid, while 
in another situation the tissue actually dies from 
starvation, and is often invaded and consumed by 
new growth. In a very small space we may find in 
such a texture, 1, young actively growing matter; 
2, fully formed tissue; 3, decaying textui’e; and. 
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4, the products resulting from changes oc^uiring in 
tissue long since dead. 

interstitial Channels. — But in every embryo and 
in every normal tissue the equable distribution of nu- 
trient matter is provided for and the flow regulated. 
As the growing embryo increases in size, intercom- 
municating spaces (lacunsD) and channels are formed 
here and there, and along these the fluids adapted 
for nutrition freely pass and meander in all direc- 
tions, bathing, it may b3, uniformly the growing 
bioplasts in every part, or distributing amongst them 
a gradually diminishing quantity of nutrient matter 
according as the distance from the nutrient surface 
increases. See Lect. V, § 117. 

40. Vessels. — In the higher animals and in man 
actual tubes (vessels) are, however, developed for the 
purpose not only of conveying nutriment long distances 
from the one part of the body where it is taken up, 
and distributing it freely and equably to the several 
tissues and organs, bpt for removing products re- 
sulting from decay. EVery part of the developing 
mass receiving its proper supply, growth may be as 
active or more active in those portions which are 
situated at the greatest distance from the point of 
supply than in those quite close to it. The vessels 
form a system of closed tubes composed of deli- 
cate membrane. These tubes are continually being 
traversed as long as life lasts by fluids holding in so- 
lution or in suspension everything that is required by 
the growing tissues which differ so remarkablv from 
one another in structure, chemical composition, and 
physical and physiological properties. These tubes 
are everywhere so arranged that the contained fluid 
may circiilate very rapidly and very freely. In this 
way every part of the growing mass is irrigated, but 
the growing tissue us hot in contact with the nutrient 
fluid. The wall of the tube intervenes, but this is 
usually so very thin that solutions will pass through 
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it vetyl quickly in both directions. And, indeed, a 
solution of substances adapted for the nutrition of 
the tissues is continually flowing through the wall of 
the vessels towards the bioplasm of the several tissues, 
while substances, resulting fro^ the decay of tissues, 
also dissolved, flow in an opposite direction from the 
tissues through the vascular wall into the blood. The 
blood is driven through the vessels by, the pump- 
like action of the heart into the interior of which 
the vessels open. (Page 24.) 

49 . _ Structures and Orgraiis. — As the embryo in- 
creases in size and advances in development strik- 
ing differences in character become manifest iib diffe- 
rent parts. Peculiarities of .•itruciure are observable, 
and the different structures perform very different 
offices. The vessels in which blood circulates are, 
however, distributed to them all, but the composition 
of the blood is altered both as regards what it gives 
up and what it receives, as it traverses the vessels 
distributed to the several paHs. 

■ 48. Alimentary Caiial.-^lii vertebrate animals an 
important tubs is developed which is set apart for the 
reception and preparation of^the food, and although 
this is not required during embryonic life, it must be 
formed so that it may ba ready to do its work — to 
perform its highly important /inidi’o a when the newly 
formed organism comes into the world. Its charac- 
teristics in every stage through which it passes during 
its construction prove to us that the form it was ulti- 
mately to assume and the worlc it was to perform 
were, as it were, anticipated from the first. For 
months, during its gradual formation it fulfilled no 
useful purpose whatever, and yet change succeeded 
change in pre-arranged order, until at last highly com- 
plex structures, adapted for certain definite purposes 
only, were evolved.^ The formation of these is com- 
plete, and they are ready to discharge their function 
at the time when their activity becomes necessary to 
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the maintenance of the life of the new hei]%‘'1inder 
the greatly altered conditions of existence. 

40. Glanas for producing solvent ftulds. — In this 
digestive tube or cavity the undissolved food must be 
acted upon, so that it njay be dissolved in water. The 
solution thus prepared is to be taken up or absorbed 
by the blood. Various secreting glands ai*e therefore 
developed in connection with the digestive tube. 
These select certain materials from the blood com- 
mon to the whole body, and convert them into 
fluids having very special and peculiar properties 
and endowments, which when fully formed pass 
awayt^rom the gland, being conducted by a tube 
or duct to difierent parts of the canal, where they 
become mixed with the food and exert their peculiar 
influence. Such are the salivary glands of the mouth, 
the stomach glands^ the intestinal glands^ the livery the 
jpancreas^ and several others connected with the in- 
testine which need not be particularised now — each 
taking part in a particular but very different ope- 
ration. The saliva has the property of changing 
starch into sugar, and in a few seconds. The gastric 
juice dissolves meat and all forms of fibrin and co- 
agulated albumen. The pancreas and the liver have 
to do with the digestion of fatty matter, and the 
secretions of the intestinal glands exert'yet different 
actions. From the digestive tube nutrient matter is 
taken up by masses of bioplasm, and by these passed 
on, as it were, to blood-vessels, as has been already 
stated in § 40. The newly introduced pabulum is 
converted into blood by bioplasm, and this blood is 
driven through the minute vessels (capillaries) in 
every part of the body. ‘ Through the walls of the 
capillaries, fluid transudes, which is taken up by the 
bioplasm of the several tissues lying outside the vas- 
cular canals. In' a similar manner it is probable that 
the bioplasm in the walls of the vessels and the bio- 
plasm in the blood take up the matters resulting 
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from disintegration of tissues and return them in 
a modified form to the blood. 

50. ‘The Blood. — The blood is the fluid from which 
the material constituting all the tissues of the body 
is derived. It exists at a very early period of develop- 
ment, before the tissues exhibit their structural 
character or special properties. The food we take is 
not directly . converted into tissue, but into blood. 
Neither are the substances resulting from the breaking 
down of tissues at once converted into the materials 
which are excreted from the body by the lungs, liver, 
kidneys, skin, and intestines, but into blood. The 
order of change therefore may be representSd thus 

food; 2. blood tissue; 4. products of decay; 
5. blood ; 6. excreted matter. But if we bake more 
food than our body requires, the excess, after having 
been converted into blood, is excreted without being 
first converted into tissue. This excess is not only 
useless, but its excretion may overtax our organs and 
damage them very seriously^ particularly if they are 
not of large size and in thoroughly good order. Ex- 
cess of food is not unfrequently in this way the cause 
of derangement of certain important organs, particu- 
larly the liver and kidneys, and may occasion early 
death. The blood is being, continually renovated by 
the conversion of food into it. The food does not 
pass directly into the blood-vessels, but certain of its 
constituents are selected and absorbed by the living 
matter of the walls of the blood-vessels, and by that 
of the blood itself. In this way the food is changed 
and converted before it becomes blood. 

51. Bioplasm of the Blood. — The blood is not a 
mere solution of food malter, but contains many 
living particles in suspension, which circulate with 
it, and grow and multiply, and arrive at matu- 
rity and die, becoming resolved into matters which 
are dissolved in thh liquid which permeates the walls 
of the vessels, and is applied to the nutrition of the 

D 
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growing tissues. The living particles of tie* blood 
vary greatly in size and number, according to the 
quantity and nature of the food, and a number of 
circumstances. There exists suspended in the fluid 
portion of the blood, multitudes of living particles, so 
minute that they cannot be seen by ordinary magni- 
f^g powers. These play a highly important part in 
the phenomena of the body. I 'described these minute 
particles of bioplasm in 1863.**^ 

Red Blood €orpu8.cie8. — Besides the particles of 
living matter, the blood of all vertebrate animals 
centos multitudes of small, soft, semi-solid particles 
of a colour, which give to blood its characteristic 
appearance. In health, in warm-blooded vertebrata, 
these are very numerous, and are known as the red 
blood corpuscles. The fluid in which these little cor- 
puscles are suspended is by them as it were much 
divided^ a small portion being smeared over each indi- 
vidual red blood corpuscle. As these are kept by the 
propelling power of the heart in continual motion, the 
equable composition of thb blood is maintained, and 
a small quantity of the fluid portion is smeared upon 
the wall of the vessel, and upon the bioplasm of the 
capillary which projecls into the cavity, as the red 
blood corpuscles one after the other are driven into 
contact with it. So perfect are these arrangements 
in their working, that irregularities in the distribu- 
tion of the fluid are corrected or compensated while 
there exists also provision for ensuring that the 
general composition of the blood shall remain con- 
stant, in spite of its undergoing most important 
ch^ges in every part of its course. 

S8. liiver for makins lllle and altering the Blood. 
— The liver, unlike the other important secreting 
organs developed in the embryo, attains functional im- 
portance at a very early period of life. Long before 

* ** On the terminal or Lhing Matteifof the Blood/' Trans. 
Mic. Soc., Dec. 9, 1863. 
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birth, anH long before most of . the important tissues 
of the body exhibit their characteristic structure, 
some time before the intestine into which the secre- 
tion of^ the gland is poured, is fully formed, the liver 
not only possesses the structure it exhibits perma- 
nently, but it performs its work, and probably in 
much the same way as during later periods, when the 
conditions under which life is carried on are so very 
different from what they are during development, in 
short, the liver seems to be formed as a permanent 
organ almost from the very first, and fulfils two very 
important functions. By its agency, certain matters 
are separated from the blood, and converted^ into 
two distinct classes of substances, one of which is re- 
turned to the blood soon after its production, while 
the other is carried away from the gland and poured 
into the intestine. The material formed by the liver 
and returned to the blood is mgar^ and that which is 
carried to the intestine is bile, of which part seems to 
be effete, and at last escape^ from the bowel, while 
part is re-absorbed in an alfered state by the intestinal 
capillaries, and mixed with the blood. 

64 . liungs for resplratlon.—^In another part of the 
developing being organs are formed which are des- 
tined to effect, without a moment's interruption, 
most important changes in the blood, from the 
instant after birth until death. These organs are 
the hmgs^ and as the blood traverses the capillaries 
it takes up oxygen and gives off carbonic acid and 
other constituents, 

66. The Kianeys for secretinst — The kidneys con- 
tain bioplasm which selects various matters from 
the blood. It undergoes change, and becomes re- 
solved into certain constituents, which pass away fi!T>m 
the body altogether. These glands attain their perfect 
form slowly, and are preceded by temporary organs. 

66. Cutaneous lianas. — Glands are also found in 
connection with . the skin, whose office it is to 

D 2 
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remove from the blood certain deleterious •'matters, 
and discharge them in the form of perspiration and 
sebaceous oily matter. 

&1. These orgMkH for the most part Inactive Huiins’ 
embryonic life. — But to the embryo, with the exception 
of the liver, the above organs are comparatively useless. 
They are being formed for work, but are as yet ? i- 
capable of work. Nevertheless, the work that will in 
the future be discharged by them must be performed 
somehow. Food must be introduced though the 
digestive organs cannot be used, oxygen must pass 
into, and carbonic acid out of, the blood, though the 
lung% cannot act ; and various deleterious excre- 
mentitious materials must be got rid of, though the 
glands being formed for this special purpose are 
inoperative. 

S8. Temporary organs. — There is an arrangement 
specially to fulfil these duties for the time. Various 
temporary structures which are discarded at birth, 
or are gradually destroyed and removed after birth, 
perform, and in a most perfect manner, the highly 
essential operations which are afterwards carried out 
in a very different w;ay. From the blood of the 
mother is taken the nutrient matter from which the 
blood found in the vessels of the growing embryo is 
prepared, and into the maternal blood some of the 
products of decay are discharged. It likewise gives 
oxygen to the embryo’s nutrient fluid, and receives 
from it carbonic acid, which is ultimately excreted 
by the maternal respiratory apparatus. 

50. The Skeleton. — The firm internal bony skeleton, 
characteristic of all vertebrate animals, and which 
supports all the other tissues of the body, is developed 
at a time when no such support is required. When 
the skeleton is first formed, it is as soft as the soft 
tissues, and it. only gradually acquires firmness as the 
form of the several bones manifests*itself. In the soft 
state it is quite useless for the purposes for which 
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it is required, and a further important change is 
necessary. The soft transparent tissue, of which it 
is in great part composed, becomes infiltrated with 
earthy matter, consisting principally of phosphate of 
lime and magnesia, and this process continues in 
progress even until after the animal has attained its 
perfect form. But the hrnie^ which is first produced, 
is only a temporary structure, and far too weak and 
brittle for the requirements ; for, besides hardness, 
bone must possess elasticity in some degree, so that 
it may stand a sudden blow without breaking. The 
whole of the bone first formed is, in fact, removed, 
and gradually replaced by a firmer, harder, fiiuch 
stronger, and more elastic and more permanent 
tissue, very difierent in structure from that which 
preceded it. But this more perfect type of bone 
tissue could not have been developed at the first. 
Its production involved a number of preliminary 
changes useless to the economy until the whole series 
was fully completed. Nor Jwm the structural cha- 
racters of the early tissue would it have been possible 
to premise the structure assumed by the permanent 
bone. Here, as in so many other cases, we see highly 
elaborate and complex structure anticipated, as it 
were, at a time when its actual production would 
have been impossible. It is therefore certain, that 
the most thorough knowledge of the properties of the 
matter of a living being would not enable us to form 
any conception of the form the tissues were ultimately 
to take, or the office they were to discharge. 

60 » Nervous tissues. — The nervous tissue is de- 
veloped fari. jpassu with many other textm’es of the 
body. And of all the tissues it undergoes the most 
remarkable progressive changes. The relation of 
some of the most important parts of the nervous 
system is being coptinually altered, and yet without 
any derangement of function in any portion of it. 
Nerve tissue comes into very close relationship with 
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many other textures, and reaches the utmost confines 
of the system. Its structure is elaborate, and its 
work in some cases never ceases for a moment as 
long as life lasts. Unlike every other tissue in the 
body, the nervous tissue exhibits uninterrupted con- 
tinuity of texture. There is not a thread in any part 
of the nervous system the tissue of which is not con- 
nected with the nerve tissue of other parts, — which is 
quite disjoined from other threads and nerve matter. 

61. The muscular tissue is to be detected at a very 
early period, and two different kinds of tissue having 
contractile property can be distinguished in man and 
the ^higher animals. The movements of one being 
under control of the will, through the interven- 
tion of nerve tissue is termed voluntary muscle^ the 
other, although equally under nervous control,* is not 
directly influenced by the will, and indeed contracts 
without our being conscious. This is called organiq 
or involuntary muscle. Such a division is, however, 
not strictly accurate, and it is better to speak of these 
two kinds of muscular tissue respectively as the striped 
or transversely striated muscle and the unstriped 
muscle. Although examples of the flrst are usually 
under voluntary control, and therefore p^perly termed 
voluntary muscle, instances are not wanting of striped 
or transversely striated muscle which is not under 
the influence of the will. At an early period of de- 
velopment the striped muscle resembles the non- 
striated in general appearances as will be described 
when musclar tissue comes under consideration. 

62. The skin. — As would be supposed, a texture 
composed of so many different tissues as the skip 
and pei*forming so many important functions, acquires 
its perfect development but slowly. Connected with 
the cutaneous system are nails, hairs, and in many of 
the lower animals homy stractives. The glands for 
the secretion of the sweat open upon the snrzhce of the 
skin, and.thf sebaceous glmds secreting oily matter 
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near the' montli of the follicle in which the hair is 
lodged. Lastly, in some parts of the skin, par- 
ticularly the tips of the fingers, the lips, and the tip of 
the tongue, a beautifully delicate apparatus connected 
with the sense of touch is formed. 

69. Mucous memlinuie. — Closely allied to the skin 
in structure, and indeed continuous with it, is a sort 
of internal skin called nmcous membrane^ which lines 
the digestive apparatus from one end to the other, 
and also tli6 respiratory organs. The mncous mem- 
brane is modified in structure in every part of its 
course according to the offices it has to discharge. 
In some situations the surface is hard andoeven 
homy, while in others it is soft like velvet. Almost 
dryl and rigid in some places, in others consisting of 
glaids packed closely together and constantly secret- 
ing! an enormous quantity of fluid. Again, instead 
of ijeing a secreting surface, a considerable extent 
is i|odified to form a highly efficient absorbing 
apptotus. 

1 ^ 

Besides the many tissues and organs already 
enumerated, several very highly elaborate structures 
are ^dually formed which cannot come into use at 
all u^til after birth. The development of these con- 
tinue to advance for some time, and not only is it 
doubjfal if they attain their most perfect condition 
bef oib the adult period of life is reached, but it is 
certam that some of them continue to improve for 
manj years afterwards. 

94 Orsan of smell. — The organ of smell is in its 
stmeure much simpler tjpian the other organs of 
special sense, but the arrangement of the nervous 
app^tus is very beautiful. The nerves come quite 
to tie surface, and it is probable that odoriferous par- 
tiola come into actual contact with nerve tissue. The 
olfactory mucous ^membrane in very young animals 
is afdssne in which the ultimate ramifications of nerve 
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fibres and tbeir relation to other tissue elements may 
be studied with success. 

65. Or^an of taste. — ^The tongue is a highly copi- 
plex organ ; not only is it exceedingly sensitive an 
organ of touch and tasie^ but the muscles, of which the 
substance of the tongue is entirely composed, ar0 re- 
markable for the delicacy and perfection of their move- 
ments, and for the wonderfully rapid and varied bon- 
tractions executed by them, which are purely volun- 
tary. The movements of the tongue so immediately 
respond to the will that they almost seem to represent 
the uncjulations of the mind. By its changes in f6rni, at 
the seme time that a current of air is made to traverse 
the vocal organ, by the action of other muscles, wh/>se 
contractions are harmonised with the lingual move- 
ments, not only may ideas be expressed in words ind 
rendered evident to others almost as fast as theyjare 
formed, but the sounds may be so accentuated af to 
convey to the understanding of others far more man 
is indicated by the mer^, words themselves. I 

66. Or^aii of hearing?.— The ear is developejl at 
the time of birth, but it continues to improve *evei for 
many years afterwards^ Its structure is most eabo- 
rate, and the arrangement of every part is such Jthat 
it is not possible to explain its construction bj any 
known laws. To attribute the formation of so bom- 
plex an organ, consisting of so many elaborate, iter- 
dependent, and .mutually adapted parts to evotition 
is mere trifling with words. A few years aro it 
would have been said that its development was dae to 
the gradual diflerentiation of the originally h omo- 
geneous — but such phrases are sad examples of j^hat 
by worldly-minded persons would be termed im^ losi- 
tion. Statements of this kind would certainly jujtify 
the inference of clever, if ungenerous critics, tha the 
authorities who employ them must have a supieme 
contempt for the people whom fhey profess be 
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very ai&ious to teach, but whom they are really 
trying to astonish only. 

69. Orfran of slirht. — The eye, the result of a long 
series of the most marvellous developmental changes, 
at last appears an organ, the mere structure of the 
nervous part of which has not even yet been thoroughly 
elucidated. There is not a portion of the eye that 
will not excite admiration on the part of the student 
wwho investigates it. The adaptation of every struc- 
ture to the work it will have to perform is most 
remarkable, and when we consider that this organ, use- 
less without light and formed for light, was produced 
in utter darkness, it is difficult indeed to uncfejstand 
how anyone can venture to adopt the belief that the 
various arrangements of tissues are due to the opera- 
tion of external circumstances, and the properties of 
the mere matter of the body. From the very first the 
perfect form the organ was to assume must, as it were, 
have been determined and foreseen. To say that the 
fully formed eye existed potentially in the masses of 
bioplasm, froni which its tissues were formed, neither 
indicates scientific knowdedge, nor a love of accuracy, 
nor candour. The very nig^ter was absent, out of 
which these tissues were to be formed, and yet their 
formation was prepared for, and, as it were, antici- 
pated from the very first. All the early and most im- 
portant changes in the development of an eye cannot 
be attributed to the operation of any external condi- 
tions whatever. They must be due to forces or powers 
acting from within, and influencing the matter con- 
stituting the bioplasm at the time, and these forces 
and powers exhibit nothing whatever in common with 
any known forces, properties, or powers of non-living 
matter. 

Mr. Darwin remarks that the telescope has been 
perfected by the long-continued efforts of the highest 
human intellect ” ;*and, he says, we “ naturally 
that the eye has been formed by a somewhat anala- 
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gons process.” But natural inferences and analogical 
arguments of this kind do not forward natural know- 
ledge. The perfection of an optical instrument by 
experiments conducted by man in daylight surely 
throws marvellously little light upon the question of 
the formation of an eye in darkness, altogether 
without man’s agency. 

We have seen that, as development proceeds, the 
oiiginal mass of simple living matter gives rise, by 
growth and subdivision, to multitudes of descendants, 
which succeed one another in regular order until at 
last a^umber of bioplasts result, which take part in 
the formation of tissues differing remarkably from 
one another in properties, and organs which per- 
form very different kinds of work, duty, or function. 
But all the different tissues and organs are supplied 
by vessels and all nourished by the same blood. By 
the agency of bioplasm, however, very different sub- 
stances are produced, altjiough the elements of all are 
derived from the same blood. Thus, saliva, gastric 
jtdce, bile, and urine have very few properties in 
common ; they are secretions, having very different 
chemical composition and properties, and perform 
very different offices. Yet they are all formed from 
the blood by different kinds of living matter. It is 
very remarkable that all these bioplasts which have 
resulted by descent from the same original mass should 
possess endowments as 'jlifferent from those of the 
original parents of them all as they are from one 
another. 

No adequate explanation has ever been given of 
this fact. It will ^ found upon examination that all 
the explanations that have been offered only amount 
to statements of the fact itself in a somewhat round- 
about way. iN'or can the formation of tissue be ade- 
quately accounted for. Form and structure result 
irom the formless and structureless, but to attribute 
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such pjienomena to what has been called ** diffe- 
rentiation/* is simply degrading science. We are 
quite ignorant of the exact nature of the changes that 
occur, but we do know that the bioplasm Iwes, and that 
the tissue formed by it does not live. We shall see that 
the distinction between the matter which is actually 
living and that which is not living is a cardinal fact 
of very great importance. This indeed appears to 
me to form the very starting point of physiology. 
Without recognising the distinction between the 
living and the non-living, all discussion concerning 
the phenomena of living beings will only lead to 
vague and contradictory conclusions, and the ^se of 
terms and phrases which perplex the student instead 
of helping him to learn. 
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LECTURE IV. 

Process of Investigation — Microscopic Characters of 
Bioplasm — Mode of Growth of Bioplasm of a simple 
Vegetahle Tissue— Sugar Fungus — Bioplasm of 
Animal Tissue — Extremity of Tuft of Pla.centa — 
Bioplasm of Hair — Bioplasm of Amoeba — Bioplasm 
of Mvcus — Movement of Bioplasm — Irritability a^nd 
GorfCractility — ‘ ‘ Molecular Machin ery * * — Bioplasm 
constituting new Centres, or Nuclei and Nucleoli — 
Production of Formed Material — Structure of a 
Spore of Mildew — Growth — How is the new Matter 
added ? — Importance of the Changes, 

68. Process of inycstlgratlon. — In order to dis- 
tinguish the invariably transparent living matter or 
bioplasm from the frequently transparent formed 
material, it is necessary to pursue a particular method 
of investigation, which ‘ I have fully described else- 
where.* The value of this process depends upon the 
fact that all bioplasm is coloured red by an ammoniacal 
solution of carmine, while all formed material, noU 
withstanding it has been traversed by the alkaline 
coloured fluid, remains perfectly colourless. In prac- 
tice, certain precautions are necessary, and the density 
and composition of the colouring fluid must be 
slightly varied in special cases. But it is necessary 
that I should state distinctly that, if the process be 
properly conducted, every kind of living or germinal 
matter or bioplasm receives and fixes the colour, while 
no hmd of formed material known is stained under the 
same circumstances. I shall have to^ direct attention 

• “ How to Wi)rk with the Microscope.*’ 4th edition. 
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to the*4/Ct, that the proportion of bioplasm in the . 
same tissue varies at different ages, and that in many- 
different forms of disease the morbid change essen- 
tially depends upon a considerable increase in the 
amount of bioplasm. These facts are most positively 
demonstrated in specimens prepared according to the 
method described. Moreover, I shall, by the aid of 
this mode of investigation, be able to show where the 
bioplasm ceases and the formed material commences, 
and in some instances, to distinguish which part of a 
mass of bioplasm was first and which last formed. The 
action of the carmine fluid upon the bioplasm^s well 
illustrated by a well -prepared specimen of carriage 
of the frog or newt. The cartilage tissue^ matrix^ or 
farmed matenal is left perfectly colourless, and 
although it consists of a firm, and not very per- 
meable material, it has been freely traversed by 
the carmine fluid. The rapidity with which a com- 
paratively thick layer of the formed material may 
bo traversed by the dark red solution is very remark- 
able. To illustrate this fact, a few cells may be 
taken from the liver of a mouse recently killed. The 
carmine fluid may be allowed^ just to pass over the 
cells, and the excess at once washed away with a 
little weak glycerine. The whole operation can be 
performed in less than half a minute, and yet the 
bioplasm of every cell, in this case called the nucleus, 
will be coloured, bright red, while the outer formed part 
will be left colourless and unchanged. The formed 
material in this instance consists of a thick layer of soft 
matter, which, however, has been freely traversed in 
the course of a few seconds by a fluid which contains 
glycerine, and is of highfer specific gravity than 
blood-serum.* This enables us to form some idea of 

♦ The fluid which I use in the preparation of my specimens 
has the following composition -.—Carmine, 10 grains ; strong 
liquor ammonia, drflehm; rectified spirit, i ounce; Price’s 
glycerine, 2 ounces ; distilled water, 2 ounces. The carmine 
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the great rapidity with which nutrient fluicl ' passes 
through the tissue or formed material towards the 
bioplasm or living matter of the cell or elementary 
part during hfe. Even the firm and resisting matrix 
of cartilage is readily permeated by the carmine 
fluid without being stSa/ined in the slightest degree, 
while the masses of bioplasm are deeply tinged. 

00. Colour not due to mere tinting* — The eflect 


produced is very different from the mere tinting 
which results from soaking tissues or other bodies in 
coloured fluids. The staining of the bioplasm depends 
upon altogether different circumstances, and from it 
we Igain highly important facts. Of course every 
kind of matter may be tinted, — ^rag, paper, wood, 
silk, bone, teeth, shell, and almost every formed 
matter in nature may be coloured bright red by being 
soaked in certain coloured fluids. As formed material 


of any kind can thus be dyed, some observers with- 
out paying the least attention to the observations 
which have Been made, and without even looking at 
the specimens and drawings with which my investi- 
gations have been illustrated, have hastily inferred 
that by carelessly steeping tissues in various colour- 
ing fluids, all the advantages afford.ed by the uoe of 
an ammoniacal solution of carmine can be gained. 
1 cannot discuss the matter in this place, and shall 
content myself with directing attention to the evi- 
dence adduced. The ridiculous objections that have 
been advanced even by persons in positions of autho- 
rity may be replied to by specimens anyone can make 
for himself with a little trouble, and by the confirma- 
tory researches of observers who have not already com- 
mitted themselves to doctrines concerning the nature 
of the phenomena of living beings which are incom- 


may be increased to 15 grains if it is desired to stain soft tissues 
very quickly. In some cases it is necessary to add a little water, 
and in others more alcohol must be add^ in order to make the 
solution permeate the tissue freely. 
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patible' ^^Vith well-authenticated facts of natnre, and 
calculated only to mislead. 

90* Microscopic characters of Bioplasm. — The 

characters of bioplasm may be stndied in the lowest 
organisms in existence and in plants, as well as in 
man and the higher animals. Being so very trans- 
parent and often embedded in dark and more or less 
opaque tissue, bioplasm has often been overlooked 
and has been mistaken for mere passive fluid occupy- 
ing a sy^ace or vacuole in the tissue. We shall have 
many opportunities of studying it, but it may be well 
to repeat that bioplasm or living matter is, as far as 
can be ascertained by examination with the fiighest 
powers, perfectly structureless. It exhibits the same 
characters at every period of existence, and in every 
living organism. 

91. Bioplasm of sugar fungus. — The bioplasm of 
the thallus of the growing sugar fungus exists in 
considerable quantity, and is well adapted for exami- 
nation. It may be found in abundancfe in mouldy 
jam, and it may be stained "without much difficulty. 
The growing extremity of the branch is rounded, and 
here the process of growth ii^ going on with great 
activity ; new living pabulum is being converted into 
living bioplasm with great rapidity. When the ope- 
ration of staining has been conducted successfully, 
these growing extremities will be found to be much 
more deeply stained than the rest of the bioplasm. 

92. Bioplasm of tuft of placenta. — A correspond- 
ing fact may be demonstrated if one of the little tufts 
of the placenta (a temporary organ of the embryo by 
which the nutrient matter is separated from the 
maternal blood, and which Also eflects the necessary 
changes as regards oxygen and carbonic acid) is sub- 
mitted to examination. At the extreme end of each 
tuft is a collection of bioplasts which is intensely 
stained by the oRrmine fluid. Behind this, and 
growing towards it, is the vascular loop ; but as the 
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tuffes grow, tHo mass of formless, structurdess bio- 
plasm at the end of each moves onwards, the vessels 
being developed in its rear. This formless living 
matter moves forwards, burrowing, as it were, into 
the nutrient pabulum, some of which it takes up as 
it, moves on. It is not 'pushed from behind, but it 
moves forwards of its own accord. In a similar man- 
lier the advancing fungus bores its way into the 
material upon which it feeds, and the root filament 
insinuates itself into interstices between the particles 
of the soil, where it finds the pabulum for its nutri- 
tion. ^ 

99^ Bioplasm of the hair. — In the hair the bioplasm 
grows and multiplies at the base or bulb, pushing the 
firm and already formed tissue before it. The bio- 
plasm of the root of a plant increases at the extremity 
of a filament which it spins off, as it were, behind it ; 
in the case of the hair, on the other hand, the tissue 
already formed pushed on by the production of new 
texture in its rear. The extremity of the hair is its 
oldest part, and nearesf to its root is the tissue 
which was most recently formed from pabulum 
absorbed from tlte bl(^. 

14. vital power. — But whether bioplasm moves on 
in its entirety, or, advancing from affixed point, forms 
a filament, a tube, or other structure which accumu- 
lates behind it, or remains stationary itself, while the 
products of formation are forced onwards in one 
direction, or outwards in all, the nature of the force 
exerted is the same, and due to the marvellous power 
'which one pa^t of a living mass possesses of 'moving in 
adnfa'nce of other po'rtiom of the samoj as ma'y he actually 
seen to occur in the humblh amcehay in the mucus or in 
the white blood-corpuscle from man's organism^ as well 
as m the p'us-corpuscle formed in disease, 

15. Amieba. — ^Among the simplest living things 
known to ns are the amoebes, whim might be almost 
described as animate masses of p^rfbctly transparent 



BIOPLASM IN DIFFEBENT OBOANS AND TISSUES. 49 

movicg matter. Amoebee can be obtained for exami- 
nation by placing a small fragment of animal or vege- 
table matter in a little water in a wine-glass, and 
leaving it in the light part of a warm room for a 
few days. I have found it convenient to introduce 
a few filaments of cotton wool into the water. The 
amoebaB collect amongst the fibres, which prevent them 
from being crushed by the pressure of the thin glass 
cover. The delicate material of which these simple 
creatures, are composed exhibits no indications of 
actual structure, although it is darker and more 
granular in some parts than in others. 

Bioplasm In different organs and tls8ues?-*^The 
bioplasm of all organisms, and of the tissues and 
organs of each organism, exhibits precisely the same 
characters. It lives^ and grows^ and* forms in the 
same way, although the conditions under which the 
phenomena of life, growth, and formation are carried 
on differ very much in respect of different kinds of 
living matter,. A temperature at which one kind will 
live and grow actively wilhlfe fatal to many other 
kinds. So, too, as regards pabulum— substances 
which are appropriated by one form of bioplasm will 
act as a poison to another. But the way in which 
the bioplasm, moves, divides and subdivides, grows, 
and undergoes conversion into tissue, is the same in 
all. Many remarkable differences in the structure, 
properties, action, and character of the things that 
are formed are associated with close similarity, if not 
actual identity, of composition of the matter that 
forms them. These differences cannot, therefore, be 
attributed to the properties of the elements, to physical 
forces, chemical affinities, on to characters which we 
can ascertain or estimate by physical examination, but 
they must be referred to a difference injpower which is 
inherited from pre-existing bioplasm, which we can- 
not isolate, but whifh it would be ^uite unreasonable 
to ignore,. 
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99* moTeiiieiits of bioplasm. — One characteiistic of 
every kind of living matter is spontaneons movement. 
This, unlike the movement of any kind of non-living 
matter yet discovered, occurs in all directions, and 
Seems to depend upon changes in the matter itself, 
rather than upon impulses communicated to the par- 
ticles from without. I have been able to watch the 
movements of small amoebee, which multiplied freely 
without first reaching the size of the ordinary indi- 
viduals. I have represented the appearance under a 
magnifying power of 5,000 diameters of some of the 
most minute amcebse I have been able to discover. 
Several of these were less than -p &^l - j^^t h of an inch 
in diameter, and yet were in a state of most active 
movement. The alteration in form was very rapid, 
and the different tints in the different parts of the 
moving mass, resulting from alterations in thickness, 
were most distinctly observed. In these movements 
one part seemed, as it were, to pass through other 
parts, while the whole ndass moved now in one, now 
in another direction, “and movements in different 
parts of the mass occurred in directions different 
from that in which the whole was moving. What 
movements in lifeless*" matter can be compared with 
these ? 

98. Changes endlnp In formation of a capsule.; — 

The movements above describee^ continue as long as 
the external conditions remain favourable; but, if 
these alter and the amoeba be exposed to the influence 
of unfavourable circumstances — as altered pabulum, 
cold, &c. — the movements become very slow, and 
at last cease altogether. The organism becomes 
spherical, and the trace •of soft formed material upon 
the surface increases until a firm protective covering, 
envelope, or cell- wall, results. In this way, the life of 
the bioplasm is preserved until the return of favour- 
able conditions, when the living matter emerges from 
its prison, grows, and soon gives rise to a colony of 
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new ajacsbaB, whicli exhibit the characteristic move- 
ments. 

99. Mucus Corpuscle. — Every one knows that upon 
the surface of the mucous membrane of the air- 
passages, even in health, there is a small quantity of 
a soft ‘viscid matter generally termed Ttmcus, This 
mucus, said to be seareted by the mucous membrane, 
contains certain oval or spherical bodies or corpuscles, 
which are transparent and granular. From the 
changes of form which take place in them, it is cer- 
tain that the matter of which they are composed is 
almost diffluent. These corpuscles are mucus 
scles, but they have no cell- wall. They are separated 
from each other by, and are embedded in, a more or 
less transparent, viscid, tenacious substance ' formed 
by the corpuscles themselves, and termed mucus* 

SO. Its vital movements. — ^No language could con- 
vey a correct idea of the changes which may be seen 
to take place in the form of a living mucus or pus 
corpuscle or white blood-corpuscle ; every part of the 
substance of the body exhibits distinct alterations 
within a few seconds. The ijaaterial which was in 
one part may move to another ^part. Not only does 
the position of the component particles alter with 
respect to one another, but it never remains the same. 
There is no mere alternation of movements as in mus- 
cular contraction. "VSTere it possible to take hundreds 
of photographs at the briefest intervals, no two would 
be exactly alike, nor would they exhibit different 
gradations of the same change ; nor is it possible to 
represent the movements with any degree of accuracy 
by drawings, because the outline is changing in many 
parts at the same moment. • I have seen an entire 
corpuscle move onwards in one definite direction for 
a distance equal to its own length or more. Pro- 
trusions would occur prin^jipally at one end, and the 
general mass would gradually follow. Again, pro- 
trusions would take pkce in the same direction, and 
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slowly the remainder of the corpuscle would be 
drawn onwards, until the whole had moved from the 
place it originally occupied, and advanced onwards 
for a short distance in the mncns in which it was 
embedded. From the first protrusions smaller pro- 
trusions very often occur, and these gradually become 
pear-shaped, remaining attached by a narrow stem, 
and in a few seconds perhaps again become absorbed 
into the general mass. From time to time, however, 
some of the small spherical portions are detached 
from the parent mass, and become independent 
masses* of bioplasm, which grow until they become 
ordinary “ mucus corpuscles.” Are these phenomena, 
I would ask, at all like any known to occur in lifeless 
material ? 

81. Of the molecules. — ^The component molecules 
evidently alter their positions in a most remarkable 
manner. One molecule may move in advance of 
another, or round another. A portion may move 
into another portion- bulging may occur at one 
point of the circumference, or at ten or twenty dif- 
ferent points at the same moment. The moving 
power evidently resides in every particle of the very 
transparent, invariably colourless, and apparently 
structureless matter. ,3^y the very highest powers 
only an indication as S* oj minute spherical particles 
can be discerned. Because “i3%olecules” have been 
seen in some of the masses (rf moving matter, the 
motion has been attributed toJhefe visible particles. 
It is true the molecules do move, but the living trans- 
parent material in which they^^ are situated can be 
seen to move away from the general mass, and into 
this extended portion tKe molecules or granules then 
pass. The perfectly transparent matter moves firsts 
and the molecules flow into it or are moved with it. 
The movements cannot, therefore, be ordinary mo2e- 
eulct/r movements. It has been slid that the move- 
ments may result from diffusion, but what diffusion 
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or other movements with which we are acquainted at 
all resembles these? Observers have ascribed the 
motion to a difference in density of different parts of 
the mass, but who has been able to produce such 
movements by preparing fluids of different density ? 
But further, in the case of bioplasm or living matter, 
these supposed fluids of different density in some un- 
explained way make themselves and in some undis- 
covered manner retain their differences in density ! 

82. irrltalilllty — Contractility. — Nor is it any ex- 
planation of the movements to attribute them to 
inherent irritability,’* unless we can show iif what 
this irritahilit'ij essentially consists. Some authoi^ties 
dismiss the matter by saying that the movements 
depend upon the property of “ contractility,” but the 
movements of bioplasm are totally distinct from “ con- 
tractility,” such as is manifested by muscular tissue. 
These remarkable movements take place in every 
direction, and every movement differs from the rest, 
while in muscular contraction there is a constant 
repetition of changes occurring alternately in direc- 
tions at right angles to one another. Hence, if the 
movements in question be due* to contractility, it is 
necessary to admit two very different kinds of con- 
tractile property, which are not of the same nature 
and not due to like circumstances.* 

83. movements itt " the bioplasm of plants. — ^The 
movements in the^uous corpuscle and in the amoeha, 
are of the same hatifre as those which occur in the 
bioplasm of many plants, as idf easily observed in the 
cells of the leaves of the vallisneria or the anacharis, 
in the chara, and in the hairp. of the flower of Tra- 
descantia ; and the appeamnce of the living matter 
under very high powers is precisely the same in all 
cases. 

84. movements ^In morbid bioplasm. — Similar 

* See my paper “On Contractility as distinguished from 
purely vital movements.” — “Trans. Mic. Soo.,” 1866 . 
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movements certainly occur, in the white blood cor- 
puscle and in the lymph corpuscle, as well as in pus, 
and in cancer, and in every kind of living matter in 
health and in disease, though the movement is not in 
all cases sufficiently active to be easily detected. In 
some instances the movements continue for many 
hours after the living matter has been removed frpm 
the surface upon which it grew. In other cases, and 
we shall not be surprised thest this should be so in 
the higher animals, death occurs the instant the con- 
ditions under which the living matter exists are but 
slightly modified. In many instances no movements 
can*be seen, but the evidence of their occurrence is 
almost as decided as if they were visible, for we 
demonstrate certain results which cannot be explained 
unless such movements as those referred to have 
taken place. 

I have often tried to persuade the physicist, who 
has so long prophesied the existence of molecular 
machinery in living bemgs, to seek for it in the 
“ colourless, structureless,” bioplasm. But he con- 
tents himself with asserting that such machinery 
exists, although he cannot eee it or make it evident 
to himself or others. 

8S. Bioplasm constitutlUiT new centres. — Nuclei 
and nucleoli. — In many masses of bioplasm a smaller 
spherical portion, often appearing to be a mere point, 
is observed. As already mentioned in 86 §, this is 
known as the nucleus. In s6me cases this divides 
before the division of the parent mass takes place. 
The division of the nucleus is not, however, necessary 
to the division of the §urrounding bioplasm, as was 
formerly supposed, for division takes place in cases in 
which no nuclei exist. Moreover it frequently hap- 
pens that one or more of these smaller spots or 
spherical masses (nuclei) may appear in the substance 
of the bioplasm, after a portion has been detached 
from the parent mass. These are new centres composed 
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of living bioplasm. Within them a second series 
(nucleoli) is sometimes produced. Marvellous powers 
have beetn attributed to nuclei and nucleoli, and by 
many they are supposed to be the agents alone con- 
cerned in the processes of multiplication and reproduc- 
tion.* These bodies are always more intensely coloured 
by alkaline colouring matters than the other parts of 
the living matter or bioplasm, a fact which is alone 
sufficient to show the difference between a true rmcleus 
or new centre^ and an oil globule, which has often been 
wrongly termed a nucleus or a nucleolus. In certain 
bases it would appear that as the process of formation 
of new centres, one within the other, proceeds, •new 
powers are acquired, or, if we suppose that all pos- 
sessed the same powers, those masses only which were 
last produced retain them, and manifest them when 
placed under favourable con<iitions. 

86. Nuclei and nucleoli do not produce formed 
material. — Although nuclei and nucleoli are bioplasm, 
they do not undergo conversion into formed material. 
Under certain conditions the nucleus may increase, 
and exhibit all the phenomena of ordinary bioplasm — 
new nuclei may be developed within it, new nucleoli 
within them ; so that ordinary bioplasm may become 
formed material, while its “nucleus'^ grows larger 
and becomes ordinary' bioplasm. The original nu- 
cleolus then becomes the nucleus, and new nucleoli 
originate and make their appearance in what was the 
original nucleolus. The whole process consists of 
evolution from centres, and the production of new 
centres within pre-existing centres. Zones of colour, 
of different intensity, are o^ten observed in. a young 
elementary part coloured by carmine ; the outermost 
or oldest, or that part which is losing its vital power, 
and becoming converted into formed material, being 
very slightly coloured, — ^the most central part, or the 
nucleus, although furthest from the colowring solution^ 
exhibiting the greatest intensity of colour. • 
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SV* Bioplasm destitute of nuclei. — Bioplasm in a 
comparatively quiescent state is not unfrequentjy 
entirely destitute of nuclei, but these bodies some- 
times make their appearance if the mass be more 
freely supplied with nutrient matter. This fact may 
be noticed in the case of the connective tissue •cor- 
puscles, and the masses of bioplasm connected with 
the walls of vessels, nerves, muscular tissue, epiihe- 
lium, &c., which often exhibit no nuclei (or according 
to some, nucleoli) ; but soon after these tissues ha^ 
been supplied with an increased quantity of pabulum, 
as I have shown is the case in all fevers and in- 
flamlnations, several small nuclei make their ap- 
pearance in different parts of the bioplasm. 

88. Bode of origin of nuclei. — So far from nuclei 
being formed first and ^ the other elements of the 
elementary part afterwards, deposited around them, as 
used to be taught, they make their appearance in the 
substance of a pre-existing mass of bioplasm, as has 
been already stated. Thettrue nucleus and nucleolus 
are not composed of special constituents differing 
from the bioplasm in chemical composition, nor do 
they perform any special operations. Small oil-glo- 
bules, which invariably result from post-mortem 
change in any form of bioplasm matter, have often 
been mistaken for nuclei and nucleoli, but these terms 
if employed at all should be restricted to the new 
centres of living matter referred to. 

89. Production of formed material from bioplasm, 
— ^We have now to conrider the manner in which the 
formed material is produced from the clear, trans- 
parent structureless bioplasm, — ^and this is a most in- 
teresting inquiry, involving questions of fundamental 
importance. It has been shown that the amoeba may 
become surrounded by a capsule (§ 78), and the 
outer part of a mucus corpuscle become ^mer than 
bioplasm, so as to form a “ cell wall” to the oval mass 
of living matter. This alteration is probably de^ 
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pendent in great measure upon change in the external 
conditions. When these are favourable, the bioplasm 
of the amoeba and the mucus corpuscle grows very fast 
and multiplies rapidly, but when the external condi- 
tions are unfavourable, and the supply of pabulum 
very limited, the bioplasm ceases to increase rapidly; 
and becomes changed upon the surface ; a firm mate- 
rial being produced which protects the living matter 
within from destruction, but which renders its free 
movement impossible. Under such circumstances, 
the so-called mucus corpuscle may assume the cha- 
racters of an epithelial cell. 

But the growth of bioplasm and the production of 
the formed material can bo so well studied in the 
lower fungi, that I shall venture to draw attention to 
the phenomena as they occur in a specimen of this 
lowly organism before alluding to the change as it 
occurs in man and animals. 

90. Structure of a spore of mildew. — If one of the 
simplest structures — the microscopic sporule, which is 
so light that ifc may be wafted long distances by 
currents of air — be examined, we shall find that it is 
not the same in every part. It consists externally of 
a delicate transparent, glass-like texture, and within 
of a material having a very faintly granular ap- 
pearance. In order to demonstrate this fact, a little 
ordinary mildew dust, which is one of the lowest 
forms of existence, may be examined. The little 
round bodies which compose it are comparatively 
large, and well suited for investigation. They may 
be studied in glycerine under a twelfth of an inch 
object glass. Each of these corresponds to a single 
cell or elementary of the more complex tissues. It 
has a tolerably thick well-defined outline, whil6 the in- 
terior is perfectly transparent. When this transpareut 
matter is expressed and placed under very high magni- 
fying powers, numOTOus very minute particles like dots 
will be observed. Here then are two kinds of ma- 
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terial, one situated externally, firm, glass like, 
and arranged so as to form an investing membrane 
closed at all points ; the other lying within, soft, and 
exhibiting no form or structure whatever. 

91. dtange In the spore. — If one of these spores 
falls upon a moist surface where the conditions favour- 
able for its development are present, it soon undergoes 
remarkable changes, and abundant growth occurs, so 
that by the germination of this one minute particle 
many hundred times its weight of material may result 
in a very short time, and every portion of the newly 
formed bioplasm is itself capable of further growth. 
The^jhanges which occur are of exceeding interest 
and worthy of the most attentive study. The facts 
which we shall learn cannot fail to influence • oUr 
general conclusions concerning the nature of the 
process of growth as it occurs in all living things 
in health and disease, while, at the same time they 
serve to impress upon us forcibly the amazing dif- 
ference between growth,, as it occurs even in this 
simple organism, and the mere increase in size which 
the crystal undergoes, and which has been very 
wrongly termed growth. 

OS. Growth of the hioplasm. — ^Next a new change 
is observed at one point in the membrane. A sm^l 
orifice is seen, through which a little of the granular 
contents of the capsule, covered by a thin layer of 
the inner part of the membrane, makes its way, and 
thus a small pear-shaped nodule is formed which 
projects through the external membrane. This then 
grows very quickly, and soon forms a sort of process 
or outgrowth, still connected with the original mass 
of bioplasm by a very thin pedicle. Growth continues 
with considerable rapidity, and soon a new oval spore 
like the original one results. These facts may be de- 
monstrated in the rapid multipl^tion of the yeast- 
cells in ordinary fermentation. Ime point of attach- 
ment becomes less and less, until at last it is completely 
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Beparated, ajidthe bod or ofEset becomes o. free and in- 
dependent particle, exactly resembling that from which 
it sprung (except that it is smaller), and capable of 
growing and giving rise to new individuals like itself, 
by a repetition of the process by which it was formed. 

98. Another kind of growth. — The above is one 
way in which the particles may multiply, but there 
are others. In one of these, too, an orifice forms in 
the membrane of the particle of mildew, and a little 
of the soft transparent material escapes, but it does 
not separate as in the first instance ; it remains 
in connexion with the mass, and grows out into a 
narrow thread-like process. A long undulatingistem 
gradually results, from various parts of which new 
buds proceed which grow, and branch like the original 
one, and sometimes with astonishing rapidity. At 
first the membrane or formed material of these 
branches is extremely thin, but it gradually becomes 
thickened by the deposition of new formed material 
within, until it acquires considerable firmness, and 
at the same time it increases in breadth. If the 
conditions cease to be favourable to growth, the 
branches cease to extend, And the membranous 
protective covering acquires increased thickness. 
Within the sheath is found the transparent matter, 
from which a number of little spherical bodies or very 
minute growing particles like those observed within 
the spherical spore may be obtained. 

04. Increase of bioplasm and production of formed 
material. — These two processes — the extension of 
bioplasm and the production of formed material — 
occur under different and ^often opposite conditions; 
the circumstances favourable to the rapid increase of 
bioplasm being unfavourable to the production of 
formed material, and vice versdy so that an abundant 
supplj^ of pabulup} is associated with rapid growth of 
the Inoplasm, a scanty supply with the production of 
formed material. The former is a very rapid process, 
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the latter a slow one. In a few honrs bioplasm may 
multiply itself a hundredfold, but days or weeks may 
be required for the formed material to double in 
amount. If, after rapid growth from exposure to 
favourable conditions, the bioplasm be brought under 
the influence of adverse circumstances, the formed 
material gradually increases in thickness. At the 
same time the amount of bioplasm becomes less and 
less, for it undergoes conversion into the formed ma- 
terial. The latter, therefore, becomes thickened by 
deposition, layer vnthin layer. At last a mere speck 
of bioplasm may remain, surrounded by a very thick 
investing membrane, which acts as a most efficient 
protection to the trace of bioplasm that remains. 
This being protected resists the influence of extreme 
cold and retains its vitality until external conditions 
become again favourable, when the trace of living 
bioplasm soon increases, pushes through spaces or 
orifices in the thickened membrane, much of which it 
even consumes as pabqlum, and the rapid growth 
already referred to is resumed. 

os. Death of the mildew. — If such a living thing 
be placed under certain unfavourable conditions, its 
vital properties will be destroyed. The transparent 
living matter in its interior w^l shrivel up and die, 
but this will be attended by no obvious alteration in 
the external membrane. The p^t which exhibits 
form (formed matter) remains ; that which is without 
form \livUig matter) is alone killed or destroyed. 

00. How Is the new matter added produced ? — ^In the 
thickening of the outer formed matter then, how is 
the new material produced ? Is the thickening oc- 
casioned by deposit upon the outer surface of the in- 
vesting membrane, or is the new matter produced by 
the soft, formless matter in the interior ? To put the 
question still more simply, is the transparent capsule, 
the so-called celUwall, formed by deposition of matter 
from the fluid surrounding it, as in the increase of a 
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crystaf, or is it formed from within ? Which is the 
oldest part of the capsule, its external or internal 
surface ? If the new matter were deposited upon the 
outside, we should expect to find that the membrane 
would become thicker and thicker as the growth of the 
organism advanced, while the central portion would 
remain unaltered. This, however, is not the case. 
On the contrary, we find that as growth proceeds, the 
wall in most cases becomes considerably thinned. It 
is clear, ^ therefore, that any increase in size cannot 
be due to deposition from without. The matter de- 
posited ^upon the inner surface of the capgule is 
always softer than its general substance, anA the 
external surface of old capsules is cracked and ragged. 
This ragged portion is oldest. In many of the dgce 
(sea- weeds) this external surface serves as a nidus for 
the development and growth of smaller alg© — a fact 
which clearly shows it has ceased to be active, is 
undergoing disintegmtion, and becoming fitted for 
the pabulum of other things^ and no longer capable 
of resisting the action of ektemal conditions. This, 
the oldest part of the capsule, is now undergoing 
decay, and the small alg® are living in part upon the 
products thus produced. The new material is in- 
variably added upon the inner surface of the capsule, 
layer within layer. Of the several layers the innermost 
is the youngest, and the outermost the oldest portion 
of the structure. From this it follows that the in- 
animate material for the nourishment of these living 
things must pass through the outer membrane, and be 
taken up by the living matter within, which commu- 
nicates to it the same properties and powers which 
this living matter, itself possesses, and which it has 
inherited from pre-existing particles. At present we 
cannot get further than this, I am ignorant of the 
cause of the changes which occur, but the facts as I 
have stated them aOre true. 

Impcprtaxice of (bese ehansos in bloplmiii. — 
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This rapid increase of bioplasm under favburable 
conditions is a fact of the greatest interest and im- 
portance in roferedce to certain changes occurring in 
disease of the higher tissues of plants, animals, and 
man. For we shall find that just as the bioplasm of 
the fungus may grow and live and give rise to new 
bioplasm at the expense of the formed material already 
produced, so the bioplasm of an elementary part of 
the highest organism may increase and consume its 
formed materiah In this way we shall see that firm 
and scarcely changing tissue may become the seat of 
active change, and ultimately be removed. JDhus is 
the matter of adipose tissue removed, and the 
hard, compact tissue of bone scooped out to make 
room for new osseous texture. In this way the 
abscess and the ulcer commence, and the “ softening 
of cartilage and other hard textures is brought about. 
The pathological process known as “ inflammation ” 
is due to the increase of bioplasm. In certain forms 
of cancer the process is seen in its most active, and 
to us, most painful fomiVfor as the growth proceeds, 
not only is the formed material of adjacent textures 
rapidly consumed, but no sooner has the soft cancer- 
tissue been produced, than it is consumed in its turn by 
new cancer- tissue, and this by more, until an enormous 
mass of soft, evanescent, spongy texture results, 
which destroys the poor patient by its enormous exac- 
tions upon his terribly exhausted system. 

Miobobcopical Pbbpabations illttsteatinu Lectubb IV. 

. No. of diameters 
magnified. 


12. Bioplasm in act of division, certilage, newt . . . . 216 

18. Bioplasm from mucus from the throat . . . . 215 

14. ^ores, &c., sugar fungus 700 

16. GFrowing spores, penicillium 700 

16. Growing branches and fructification, spores, peni- 

oillium .. .. .. •• .. .. 216 

17. Budding and branching of sugar fun^s . . . . 216 

18. Masses of bioplasm at the extremity of radide of 

growing potato .. 130 
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LECTURE V. 

Of Blemmia/ry Organs and Tissues — Of the Functions 
of Organs and Tissues — Changes during Life — Of 
the Elementary Units — Erroneous views on CelL 
Formation — Formation of the Unit or Cell — Formed 
Matter — Things essential to the Cell — Nutrition of 
cm Elementary Fart — Of the increase of Cells — 
Cuticle — Hai/r, Eom, Nail — Epithelial Textures 
hardened with Calcareous Matter — Enamel — 
tine — Dentinal ^^tuhes'^—Of Secreting Cells — 

■ Different Products formed by the same Bioplasm — 
Fat - Cell — Starch - Cell — Secondary Deposits — 

Ciliated Cells — Pigment Cells — Salivary Corpuscles. 

9S. Elementary oriipans anA tissues. — The body of 
the adult man or animal is made up of many different 
organs, which perform very different offices. These 
all derive the elements of their nutrition from the 
blood, and are all under the control of the nervous 
system. The nervous system consists of many dif- 
ferent parts, but these are all connected by inter- 
communicating cords or nerve fibres. Each organ is 
composed of a great number of elementary organs 
closely resembling one- another, and so combined 
that the work of all is united together. Every 
elementary orgam is made up of a variety of textures 
differing from , each other ip appearance and struc- 
ture, and in the offices they discharge. 

09. Tissues of a limb. — If a transverse section be 
made, for example, of the fore leg of an animal, we 
find externally a texture which is well known to all 
as the skill — a tissue not simple in its stmctoe, but 
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made np of several parts, each performing 'an inolk 
portant office or function. Beneath this, proceeding 
from without inwards another tissue comes into view, 
very different from the first, called fat, or as it is 
termed more correctly, adi/poae tissue. Beneath this, 
agmn, is a firm, unyielding, glistening material, 
spread out like a membrane, admirably adapted for 
the protection of the more delicate structures beneath. 
This is composed of a form of white fibroiXs tissue. 
which is called Fascia. Next to this we come to a 
peculiar tissue, which alternately becomes shortened 
and lengthened according as it is influenced by 
ner^etf. The change is said to depend upon the 
property of contractility. Ordinarily, the tissue in 
.question is spoken of as flesh, but we call it nmscle. 
In connection with this, we invariably notice certain 
cords which are the nerves. Their office is to bring 
the muscular substance into relation with the brain and 
other parts of the nervous system, and to convey to it 
from the nerve centre those various impulses by which 
not only its contraction o and relaxation is effected, 
but by which the exact degree of contraction willed 
is established. Besides the tissue described, we 
observe in various parts of the limb certain tubes, 
which are of two kinds — ^the one, with thick, tough, 
and very elastic walls ; and the other, ’ with walls less 
elastic, thinner, and flaccid. Both sets of tubes are 
in connection with the heart, but the one set {arteries) 
performs the office of conveying the blood from the 
heart to the tissues; the other {veins), that of re- 
turning the blood from the tissues to the heart, 
§ § 40, 46. Besides these, there are some very delicate 
tubes which are calledo lymphatios, which transmit 
a colourless fluid &om the tissues to the venous 
circulation. Lymphatics cannot be seen without 
being filled with some coloured substance. Lastly, 
we notice the bone, a firm, hard, 4Bolid tissue, in the 
interior of which is a cavity containing that peculiar 
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liLodification of adipose tissue known as meMla or 
Tna/rrow, ^ 

lOO. Of the functions of Organs and Tissues. — The 

functions or oflBces discharged by organs and tissues 
have been divided into two great classes, the animal, 
and the organic or vegeMtive functions. The one 
class is characteristic of the higher animals only, but 
the other is common to all living things. This divi- 
sion, however, is not strictly accurate, for, in man 
and the higher animals, the so-called vegetative func- 
tions could not be performed, if the so-called organs 
of animal life did not act properly. The animal and 
organic functions of the higher animals are mhtgally 
dependent, and cannot strictly be regarded as be- 
longing to separate systems. The so-called animal 
functions comprise. Locomotion, Innervation, and 
Special Sense. The vegetative functions so widely 
distributed, comprise Digestion, Absorption, Circuit 
Uon, Respiration, Secretion, Generation, and Develops 
ment, and the development of Heat, Light, and Elec- 
tricity. In the lowest organisms, some of the most im- 
portant vegetative functions are performed through the 
instrumentality of the general surface ; while in man 
and the higher animals a separ&,to organ is set apart 
for the performance of each function. If I was con- 
sidering these different functions, I should commence 
with the functions of organic life in the order in 
which I have enumerated them, for this seems the 
most natural mode of arrangement. First of all, the 
food is introduced into the^ organism, and after being 
altered by certain preliminary processes, is subjected 
to Digestion, by which it is rendered soluble, and fitted 
for the next process, that^of Absorption, By this 
the nutritive material is taken up and introduced 
into the blood, and ultimately becomes converted into 
blood. Thus we come to the consideration of the 
function of Circulation; and as we follow the blood 
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in its course through the body, our atten^Son will 
naturally be drawn to the examination of those re- 
maining processes — viz., Bespimtion and Secretion^ by 
which great and most important changes are brought 
about in the condition of the circulating fluid, various 
substances being separated from it for tdterior uses, or 
for complete removal from the body. Lastly, comes 
OeneraUon^ the process by which the multiplication 
of individuals is effected. 

101. Incessant change in everything living. — Living 
organisms, as well as every particle of living matter, 
are incessantly undergoing change in every part, but 
the^rAte of change varies marvellously in different 
cases. Some materials, passing through the stages 
•of living or forming matter, /omed matter -and pro- 
ducts of disintegration, in a few minutes, while others 
last for many years as formed structure, and perform 
an important office during the whdle time. New 
parts are constantly being formed, which grow, arrive 
at maturity, pass through certain stages of existence, 
and then, having perfcrt’med their office, die^ are cast 
away, and succeeded by others. 

102. Of the minute elementary parts of an Organ or 
Tissue. — The changeS^in question affect every one of 
the microscopic anatomical elements of which every 
tissue and every organ is composed. The anatomic^ 
unit, which performs the unit of work, seldom 
measures more than the one- thousandth of an inch 
in diameter, and, in some cases, the part possessing 
structure and. performing function, is far less than 
this. 

In order, therefore, to form any correct idea of the 
changes which go on in.every part of the body of a 
complex living being, it is necessary to study care- 
ftilly the structure and the changes of one of these 
numerous elementary units, of which every tissue 
and organ may be regarded as <a collection. Since 
the time of Schwann and Schleiden, who wrote in 
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1838, ^ery writer on ininnte anatomy and physiology 
has described at some length the stmctnre of the “cell.** 
This “ cell ” has been regarded as the anatomical 
unit, and it has been often stated that all the dif- 
ferent tissues consist of “ cells.” The “ cell ” is a 
complex body, and different properties have been 
supposed to be manifested by the several parts of 
which a perfect cell is composed. In order that 
certain bodies which could not be included under the 
ordinary definition of the cell might be comprised in 
the cell category, the anatomical unit it was sup- 
posed might & modified in certain special particulars 
and in exceptional cases. A body in connection with 
which no cell wall could be detected was supposed to 
have a cell wall in a fluid state, of the consistence of 
the soap-bubble : or it was contended that it might 
have had a cell wall at an earlier period of its life ; or 
the cell without wall was called a free nucleus, which 
it was inferred had escaped from its capsule. Many 
other ingenious devices have been adopted to evade 
the difiiculty, which has beem felt by every one who 
has examined tissues, of bringing each anatomical 
unit at all periods of its life into the cell category. 
But, after all, the simple fact^is this, that no “ cell ” 
exhibits cell wall, ceU contents, and nucleus at 
every period of its existence, while some cells do not 
possess any structure to which either of these terms 
can be pro|)erly applied at any period. There are, 
then, “ cells,’' consisting of cell wall only, and “ cells ” 
consisting of a “nucleus” only, and ^ yet the original 
definition of cell has been repeated in almost all our 
text-books even up to this very time. 

As regards the formaticin of “ cells,” we have the 
most contradictory statements. Some tissues are 
admitted not to be composed of cells at all, by autho- 
rities who nevertheless cling to the cell theory. So 
far &om the “cell” being the essential and the 

p 2 
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earliest form of every stnicture, the “cell,”*as de- 
fined, never exists at an early period of development, 
and although it may be convenient tQ retain the name 
“ cell,” as representing generally the anatomical unit, 
we must not in any case expect to find the complex 
body, w'hich it has been stated over and over again is 
actually present. 

103. Erroneous views concernlnii; “ Cells.*’ — ^All 
that can be detected at an early period is a little 
mass of bioplasm as already stated, § 11, 45. In some 
cases, new centres are to be seen in the substance of 
this, but the mass may be destitute of these. As 
regards’ the so-called cell wall, this is always absent 
at ail early period of development. Moreover, when 
G^ll wall or intercelhdar substance, as it has been 
wrongly termed, is to be seen, the process of 
division and subdivision, and all the active phe- 
nomena, occur in the bioplasm only, and the cell 
wall and intercellular substance take no part in the 
process. 

Dr. Carpenter in this, country. Dr. Tyson in 
America, Dr. A. Nicholson and other observers, have 
accepted to some extent the views advocated by me 
since 18G0, but the majority of writers continue to 
teach the old doctrines, taking cai*e, however, to modify 
certain of the details, and to alter the meaning of many 
of the terms employed. In many instances, it is to be 
feared that such attempts serve only to perplex the 
student more and more. Mr. Huxley continues to 
teach that, “ There is a time when the human body, 
or rather its rudiment, is of one structure throughout, 
consisting of a more ' or less transparent matrix, 
through which are scatt^d minute rounded par- 
ticles of a different optical aspect. These particles 
are called nuclei; and as the matrix or matter in 
which these nuclei are embedded, readily bfeaks up 
into spheroidal masses, one for each nucleus, and 
these investing masses easily take on the form of 
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vesicles or cells ; this primitive structure is called 
cellular, and each cell is said to be nucleated.” 

IS’ow it would not be easy to find a paragraph in 
*a work ha‘ving any pretensions to accuracy which 
conveyed more incorrect information in the same 
number of words. Actual observation proves that 
there is a time when the body has no structure 
whatever^ when there is no matrix^ when there are no 
particles of a different optical aspect, when there are 
no nuclei. The matrix never “breaks up” into 
spheroidal masses, though it may he broken up. 
The material round the nucleus is not applied it as 
an investing mass, for the latter exists before^ the 
former, and the nucleus arises in the so-called invest- 
ing mass. Mr. Huxley has been very severe on text- 
books, but I doubt if he could point out anything in 
the way of description more thoroughly at variance 
with facts than his own description of tissue forma- 
tion which I have quoted. He is surely laughing at 
us when he tells us that celj wall and intercellular 
substance become variously modified ” hoih chemi- 
cally and structurally, and “ give rise ”, to the pecu- 
liarities of the different completely formed tissues ! 
Is this an ingenious device for trying to make the 
reader fancy that some highly complex phenomenon is 
being philosophically explained to him by some novel 
method of circumlocution? The student will how- 
ever find that the only information he gains concern- 
ing the formation of tissue is, that cell wall and in- 
tercellular substance become “ variously modified !” 

104. Investlgratlon of the nature of tlie elementary 
part. — If the student desires to investigate the changes 
which occur during the foAnation of tissue, he will 
.find it desirable to discard entirely all the complex 
phraseology and arbitrary definitions wjiich have so 
long retarded, and still retard, progress in this 
department of knowledge. He wdl find the phe- 
nomena far more easy to understand than he would 
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have been led to anticipate after studying tlie state- 
ments in elementary treatises. Instead of cells with 
cell walls, cell contents, and nuclei he will find what 
I have already adverted to, simply two kinds of 
matter — ohq forming^ the other /ormec?. 

In 1859, I drew attention to the significance of ger- 
minal matter or bioplasm, and showed that this consti- 
tuted the organism of the amoeba and bodies of this 
kind, that ^he white blood cotpuscle, the pus corpuscle, 
and all the so-called naked nuclei, were composed of 
it, and that it was to be detected in every tissue at 
every ^period of life. By changes in the germinal or 
livikg matter, the cell wall, intercellular substance, 
and eveiy kind of tissue, everything peculiar to 
'living beings, results. I described how, in all struc- 
tures, no matter how they differed from one another, 
the germinal or living matter could be distinguished 
with certainty from the formed material, and showed 
that the living moving matter in the vegetable cell, 
the matter of the amoeba, and that of the white blood 
corpuscle, was represented in every cell or elementary 
part of every tissue of man and animals, in health 
and also in disease. 

105. The anatomlaU unit or elementary part or 
Cell. — The living matter, with the formed matter upon 
its surface, whatever may be the structure, properties, 
composition, and consistence of the latter, is the anato^ 
mical unit the elementary part, or cell. This, may form 
the entire organism, in which case, it must be regarded 
as a complete individual. Millions of such elementary 
units or cells are combined to form every tissue and 
organ of each individual man or animal. However 
much organisms and tissues in their fully formed 
state may vary as regards the character, properties, 
and composition of the formed material, all were first 
in the condition of clear, transparent, structureless, 
formless living matter. Such master exists in every 
growmg cell, and every cell capable of growth, contains 
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it. Tlie*yoting cell seems to consist almost entirely of 
this living material — a fact well observed in a specimen 
of cuticle from thcji young frog, which may be contrasted 
with more advanced cuticle jfrom the same animal. In 
the mature cells ‘of the fully formed cuticle only a 
small mass of bioplasm (usu^y termed the nucleus) 
remains. 

106. Tarylns proportion of bioplasm In the “ Cell.” 

— In the fully formed fat cell there is so little bioplasm 
left that it may easily be overlooked. In disease, oh 
the other hand, the bioplasm may increase to three or 
four times its ordinary amount, when it becomes a 
very striking object. The ovum at an early peM(jji of 
its development is but a naked mass of bioplasm, with- 
out a cell wall, but having a new centre and often* 
numcfrous centres (known as germinal spots or nuclei) 
embedded in it around these, a capsule or cell wall is 
ultimately formed. 

107. Formation of the “ Cell.” — The mode of for- 
mation of the cell, or elemental unit, as well as the 
origin from it of other units^ is well illustrated in the 
formttion of the ovum. The cells constituting the 
tissue of the ovary of the common stickleback are 
very ; easily demonstrated, and amongst them are 
seen true ova at a very early period of development. 
The youngest of these ova differs but little from the 
“cells” amongst which it lies. It is, in fact, but one 
of these which has advanced in development beyond 
ihe rest. Small but complete ova may be seen with 
iheir bioplasm, or living matter, here called germinal 
vesicle, surrounded by the yolk which consists of 
formed matter. In the germinal matter are seen 
kumerous germinal spots, •which are new living 
jsentres of growth originating in living matter. In 
these are new centres, and in these last, others would 
nave appeared at a later period. Th^ growth of an 
klementcd unit always takes place from within, so 
jiihat .the surface is always the oldest portion. The 
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matter of whicli the cell wall or capsule is composed 
was bioplasm long before any cell wall was to be dis- 
covered. On the formation of a cell of epithelium see 

§ 117 . 

lOS. Of fonned material and tissue. — The material 
called tissue, exhibiting a definite structure, is not 
simply deposited, like a crystal, from a solution of 
the same substance, as has been suggested hy some 
authorities, nor does it result from the fibrillation,^' 

vamolation," or ^^stratification" of a previously 
homogeneous fluid or viscid mass, or by th^ 
gation and coalescence of little particles precipitated 
from an albuminous fluid, but it is invariably formed 
froifi living matter, as this ceases to manifest its vital 
properties. Every particle of matter that is to be- 
come tissue must first pass through the Uvmg ^tate, 
and the properties, characters, and composition of 
the tissue will be determinfed partly by the internal 
forces or •powers of the living matter acting upon the 
elements of which it is composed, and partly bf the 
external conditions present at the time when these . 
pass from the living to the formed state. 

109. Varying characters of formed matter.-^The 
formed material or matter resulting from the death 
of bioplasm or living matter under certain conditions 
varies remarkably. It may be a fluid holding cer- 
tain peculiar substances in solution, like bile, a viscid 
matter like mucus, a perfectly transparent structure- 
less membrane, or a material exhibiting a definite 
structure. To the latter the term tissue is usually 
applied. Tissue may consist of a scarcely visibld 
web of very delicate fibres, holding in its meshes ^ 
perfectly transparent fLaifi containing but a trace of 
solid matter. It may exhibit well-defoied characters,! 
like cartilage, bone, etc., or it may manifest peculiar: 
and very remarkable properties like muscle and! 
nerve. 

^ no. Matter essential to the elemental unit or cell. 
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— ^AU tfiat is essential in the cell or elementary part 
is matter that is in the li/uing state, germinal matter, 
and matter that was in the Jiving state, formed 
material. With these is nsnally associated a certain 
proportion of matter about to become living, the pabu- 
lum or food. So that we may say that in every living 
thing we have matter in three different states : — 

Matter about to become living ; 

Matter actually living ; and 

Matter that has lived. 

The last, like the first, is non-living, but, unlike 
this, it has been in the living state, and has had im- 
pressed upon it certain characters which it Cj^uld 
not have acquired in any other way. By these cha- 
racters wo know that it lived, for we can no mor^ 
cause matter artificially to exhibit the characters of 
the dried leaf, the lifeless wood, shell, bone, hair, or 
other tissue, than we can make living matter itself, 
in our laboratories. 

Ill* Cells not like bricks In a wall. — Cells forming 
a tissue have been compared \o bricks in a wall, but 
the cells are not like bricks, having the same con- 
stitution in every part, nor are they made first and 
then embedded in the mortar. Each brick of the 
natural wall grows of itself, places itself in position, 
forms and embeds itself in the mortar of its own 
making. The whole wall grows in every part, and, 
while growing, may throw out bastions which grow 
and adapt themselves perfectly to the altering struc- 
ture. Even now it is argued by some that, because 
things, like fully formed cells, may be made arti- 
ficially, the actual cells are formed in the same sort 
of way-^an argument as cogent as would be that of 
a person who, after a visit to Madame Tussaud’s 
exhibition, seriously maintained that the textures of 
our bodies were constructed upon the same^ principles 
as the life-like wax*figures. 

112. Cells contain no molecular machinery. — Every 
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one who really studies the elementary parts of* tissues 
and investigates the changes which occur as the bio- 
plasm passes through various stages of change until 
the fully developed structure results, will be careful 
not to accept without due consideration the vague 
generalisations of those who persist in authoritatively 
declaring the dogma that the changes occuring in 
cell growth are merely mechanical and chemical, 
although they are unable to produce by any means at 
their disposal a particle of fibrine, a piece of cartilage, 
or even a fragment of coral. They avoid the diffi- 
culty as regards the bioplasm by ignoring its exist- 
enca tnd attribute to a “molecular machinery’* 
which the mind cannot conceive, and which cannot 
be rendered^ evident to the senses, all those wonderful 
phenomena which are really due to vital power. 

118 . Pfutritlon of an elementary part. — We may 
now discuss what goes on during the nutrition of a 
“ cell” when it is in a living state. I need not repeat 
that the active changes are exclusively confined to the 
bioplasm, and that thd formed material is passive, 
though it may act like a filter, permitting some things 
to pass and interfering with the passage of others. 
Well, then, in nutrition, pabulum becomes bioplasm 
to compensate for the bioplasm which has been con- 
verted into formed material. Now, let us consider 
the order of these changes, and endeavour to express 
them in the simplest possible manner. Let the bio- 
plasm which came from pre-existing bioplasm be called 
a ; the non-living pabulum, some of the elements of 
which are about to be converted into bioplasm shall 
be h ; and the non-living formed material resulting 
from changes in the biopl^m, c. It is to be remarked 
that h does not contain c in solution, neither can c be 
made out of b, unless h first passes through the con- 
dition a, a^d a cannot be formed artificially, but 
must come from pre-existing a.* In all cases b is 
transformed by a into a, and a undergoes conversion 
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into <J. *Can anything be more nnlike chemical and 
physical change? Neither a, nor 6, nor o can he^ 
made by the chemist ; nor if yon give him b can he 
make a or c ont of it ; nor can he tell you anything 
about the “molecular condition’* or chemical com- 
position of a, for the instant he commences his analysis 
a has ceased to be a, and he is merely dealing with 
products resulting from the death of a, not with the 
actual living a itself. No wonder then that chemists 
and physicists persist in ignoring a. 

114. Of the increase of Cells. — Several distinct modes 
of cell increase or multiplication have been described, 
but in all cases the process depends upon the bidpj^bsm 
only. It is this which divides : and it is the only 
part of the cell which is actively concerned in the* 
process of multiplication. It may divide into two or 
more equal portions, or give off many buds or offsets, 
each of which may grow as a separate body as soon 
as it is detached. 

The formed material of the cell is perfectly passive 
in the process of increase and multiplication. Even 
the apparently very active contractile tissue ot 
muscle has no capacity of increase or formation. If 
soft or diffluent, a portion of* the formed material 
may collect around each of the masses into which 
the bioplasm has divided, but it does not grow in or 
move in and form a partition, as has often been 
stated, § 175. When a septum or partition exists, it re- 
sults not from “ growing in,” but it is simply produced 
by a portion of the bioplasm undergoing conversion 
into formed material of which the partition is composed. 

115. Cuticle or . Epidermis. — The most external 
texture of the body, the cuticle or epidermis, is com- 
posed entirely of cells or elementary parts, some of 
which are being constantly removed from the free 
surface, while new ones grow up from below. In 
the cavity of the Inouth, on the tongue, and lining 
the fauces, epithelium will be found, which, although 
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closely resembling that of cuticle, is softer and muct 
more easily investigated. 

At an early stage of development it is not possible 
to distinguish the masses of bioplasm which are tc 
form the cuticle from those which take part in the 
development of the true skin with its nerves and 
vessels, glands, hair, and adipose tissue. And at the 
deep part of the cuticle, even in old age, will in- 
variably be found numerous naked masses of bioplasm, 
which exactly resemble those present at a very early 
period of development, § 45. 

11 G. Examination of Adult Cuticle. — Suppose 
we ^examine carefully a portion of adult cuticle. The 
oldest part of this structure is on the outside, and 
4he youngest, or that which has been most recently 
formed, is situated nearest to the blood, whence the 
elementary parts or cells draw their nutritive supply. 
If we make a perpendicular section of this structure 
and place it under the microscope, we shall find that 
in different parts of it the “ cells present very 
different characters. The deep portion which is 
nearest to the vessels consists of small masses of 
bioplasm, surrounded only by a trace of very soft 
formed material. Tliese are situated very close to 
one another. A little above this the masses have a 
more definite arrangement, and each oval mass of 
bioplasm, now grown larger, § 117, is surrounded by 
a thin layer of formed material like an external 
membrane. Still nearer the surface the elementary 
particles are seen to be larger, both bioplasm and 
formed material having increased in quantity. As 
we approach the free surface, the cells become more 
or less flattened, and thi bioplasm is much reduced 
in proportion. The formed material is harden and 
more condensed. Lastly, the oldest elementa^ parts 
upon the surface, which are rubbed away in great 
numbers, and possess no bioplasnS whatever, seem to 
be composed entirely of cuticular substance or formed 
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material .• They have ceased to grow, and are no 
longer capable of growth. They are dead. 

llV. Bioplasm in Cuticle of dlllferent agres. — If equal 
portions of the most superficial and deepest strata of 
cuticle be taken, the proportion of bioplasm to the 
formed roaterial will be found much less in the former 
than in the latter. At the deep aspect, where the 
elementary parts are being produced, the hiojplasm is 
abundant. Upon the surface, where only old ones, 
which are about to be cast off, are found, the bioplasm 
is reduced to a minimum^ or hobs altogether disappeared. 
Consider how these particles of cuticular epithelium 
grow. Here is a little mass of bioplasm which grciws 
and then divides into two ; each of these subdivides, 
and so on. Now, each of the,se little bodies absorbs 
nutriment from the surrounding fluid. It increases 
in size. The older particles on its surface are altered, 
and appear to bo converted into a hard substance, 
which is improperly described as a membrane (cell- 
wall). As it approaches the surface, the hard ma- 
terial, cuticle, deposited layer Vithin layer, becomes 
thicker and thicker, until at length the mere ti’ace of 
bioplasm which remains in the centre, being too far 
removed from the source of nul^ritive supply to in- 
crease, perishes ; and the elementary part, in the form 
of a flattened scale of dry cuticle, having by this time 
reached the sui’face of the body, is cast away, while its 
place is taken by others which grow up from below. 

118 . Hair, horn, nail. — Hair, horn, and nail are 
epithelial structures, and if we examine the cells or 
elementary parts at the bulb, base, or growing portion, 
we shall ‘ invariably find numerous small masses of 
bioplasm like those situated 4t the deep aspect of 
cuticle. It is in this situation that the bioplasm 
divides and subdivides, and the new cells which are 
formed push before them those previously developed. 
In the fully formed hardened cells of these structures 
the bioplasm has completely disappeared, but in 
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those near the growing part it can always b4 readi^ 
demonstrated by the aid of the carmine fluid, § 68. 
The structure and mode of growth of these tissues 
are well illustrated in the long, ragged, hair-like 
pocess found upon the summits of the filiform papillas 
m the central part of the dorsum of the human 
tongue, for the individual cells can be distinguished in 
almost every part of the hair-like process; and as 
they are not closely matted together, as in the hair, 
nail, and horn, their arrangement can be very satis- 
factorily demonstrated. These hair- like processes can 
be ol;)tained by slightly scraping the dorsum of the 
toEgue with a knife. The bioplasm can be seen, not 
only in the young growing cells at the base, but in 
those that are mature in the lower part of the shaft, 
and with a little management the constituent cells 
can be isolated from one another and examined sepa- 
rately. In many of my specimens the bioplasm is 
beautifully distinct and well coloured by the carmine 
fluid, while numerous new centres (nucleoli) can- be 
discerned which are ifiore intensely coloured than the 
rest of the bioplasm. The formed material is per- 
fectly destitute of anj^ colour whatever. By examining 
structures of this kind, the student will be able to 
form an opinion concerning the great advantages to 
be dei;ived from practising the staining process. 

119. Epithelial textures hardened with calcareous 
matter. — I will now advert to the remarkable changes 
which occur during the formation of those very hard 
tissues which are infiltrated with calcareous salts, and 
in which the bioplasm plays a conspicuous part. In 
illustration, I wiU draw attention to the formation of 
two of the hardest an\d most durable textures in the 
body — ^the enamel and dentine of the tooth. Although, 
in their fully developed state, these tissues are remark- 
able for the largo proportion of earthy salts they con- 
tain, there was a time when each was composed of 
very soft organic matter only. Although no trace of 
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bioplasA can be detected in the fally formed dentine 
or enamel of the adult, at an early period of develop- 
ment these tissues were represented by masses of bio- 
plasm only. 

Additional interest attaches to the consideration 
of the structure and growth of the enamel and dentine 
on account of the different and conflicting views en- 
tertained concerning their nature — some holding that 
enamel corresponds to the epithelial textures we have 
been considering, while it is maintained that the den- 
tine is more nearly related to bone and the connective 
tissues. According to this view, the neutral ‘ line 
between the two represents the position of the h^e- 
ment membrane in an ordinary mucous membrane. 
Huxley, on the other hand, and for reasons which' 
seem to me insufficient and unsatisfactory, holds that 
both enamel and dentine are dermal tissues, and 
situated beneath basement membrome. Lastly, the 
position of the vessels as regards the dentine, the 
manner or growth of both tissues, and the fact of their 
origin in a collection of unquestionable epithelial cells, 
have forced me to conclude that both enamel and den^ 
tine a/re more nearly allied to epithelium than to any 
other tissues of the body, and thaf both are developed on 
the surface of basement membrane. The tooth grows 
in a manner so like a horn and a hair that it is difficult 
to believe that is is not closely related to these epider- 
mic appendages, while there are not wanting instances 
in which an eminence covered with an epithelial tex- 
ture seems to take the place of a tooth. Hair and 
teeth are sometimes abnormally developed, and Mr. 
Darwin has remarked that the teeth of hairless dogs 
are defective, and that over-bfc,iry men have abnormal 
teeth. My own conclusion upon this matter, after 
exataining with great care the tooth at a very early 
period of development is, that the masses of bioplasm 
concerned in the formation of the enamel and dentine 
are embedded in epithelium and are arranged in two 
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curved lines, one within the other. The slig5it inter- 
val between these lines corresponds to the line of 
junction of the enamel and dentine in the fully formed 
tooth. From this neutral line the masses of bioplasm 
the two rows move in opposite directions. In 
the outer one each mass diverges outwards from the 
neutral line while the different masses of bioplasm of 
the inner row converge slightly as they move in- 
wards and form dentine in their wake. 

120. Formation of Fnamcl. — The formation of the 
enamel may be very successfully studied in the canine 
tooth of a young pig. In one of my preparations, ob- 
tained from an injected specimen, the capillaries of 
the enamel membrane are seentobe well injected with 
transparent bine injection, and the enamel cells, the ^ 
bioplasm of every one having been well stained with 
carmine, are distinctly shown. Each appears as a 
columnar or cylindrical body, not unlike a cell of 
columnar epithelium, with an oval mass of bioplasm 
nearest to its distal extremity. As the bioplasm 
moves outwards from ‘the neutral line above referred 
to, it forms the column of soft material which is to 
become the enamel rod. After some extent of soft 
tissue has thus resulted, calcareous matter is depo- 
sited in that part of the column which was first 
formed. In my specimen several columns can be 
discerned in which the change has already com- 
menced. The highly refracting earthy particles con- 
trast remarkably with the smooth, faintly granular, 
organic matrix. The deposition of these earthy salts 
may be due merely to chemical change consequent 
upon the formation of free alkali in this the oldest 
part of the organic mi^tter. While this process is . 
going on, the bioplasm in each little column is still 
moving outwards, and forming more organic matter, 
which, in its turn, becomes calcified. This process 
continues until the formation oS the enamel is com- 
plete, when the vessels of the membrane waste. •A 
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l\ttle rmcalcified organic matter usually remains upon 
the outer surface of the enamel. The markings seen 
in a transverse section of enamel receive a simple 
explanation upon this view of the development of the 
tissue. • The outer uncalcified portion of the rods, 
when acted upon by acetic acid, swells up ; and the 
appearance as of a membrane covering the enamel is 
produced. Some have been led to the conclusion- that 
an actual membrane (basement membrane) or mem- 
brana preformativa, actually existed in this situation. 
Consult Mr. Tomes’s “ Dental Surgery,” p. 268. 

121. Formation of Dentine. — The dentine of the tooth 
begins to form before the enamel. But very soofi ^ter 
the formation of enamel has commenced the two opera- 
tions go on together until a short time before the tooth* 
emerges from the gum. The production of enamel 
is then completed, while that of dentine continues 
more slowly as age advances, but the development 
of this tissue does not cease in some cases before a 
. considerable age is reached. In cei^tain instances — 
as, for example, in the case ofi the canines of some of 
the lower animals and in the incisors of the rodents — 
the formation of both structures continues through 
life, so that in the teeth of the adult the development 
. of the enamel and dentine may be studied as well as 
during the very early period of life in other cases. 
The oval masses of bioplasm taking part in the 
formation of the dentine are larger than those of the 
enamel, and tho formed material produced by them 
appears as a continuous matrix rather than as dis- 
tinct and separate columns. Moreover, instead of 
each mass forming a separate oval body, a thin line 
of tissue is drawn out as/ the dentine bioplasm 
moves inwards. These lined of soft tissue correspond 
to what are generally termed the dentinal tubes, and 
may be forcibly withdrawn where the process of 
calcification is neady completed. In thin sections 
the corresponding “ tubes ” from which the processes 
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of soft tissue have been withdrawn may be also^demon- 
strated. Calcification takes place by the deposition 
in the matrix of rounded globular masses of calcareous 
matter, which increase in size and ultimately coalesce. 
A narrow portion of the matrix extending outwards 
from each mass of bioplasm still remains permeable, 
and the process of calcification proceeds so much 
more slowly in this portion than in the rest of the 
matrix that the dentine produced refracts difterently, 
and is harder in texture. 

122. Of Dentinal “ Tubes.” — The difference in refrac- 
tion alK)ve referred to and always noticed in thin 
seci^oAs has led observers to regard this more slowly 
formed layer of dentine as the “ wall of the sup- 
rposed “tube.” But in the recent state this “tube” 
is occupied by uncalcifiod matrix, which can be torn 
away from the already calcified dentine. The calcifi- 
cation of the formed material corresponding to the 
“tube” gradually proceeds, so that the space or 
“ tube ” occupied by soft matter becomes narrower as 
the dentine advances dn ago, and at last in many 
cases the outermost portion becomes completely calci- 
fied, in which case there is no “ tube ” at all. The 
“ dentinal tube ” of the dry prepared specimen results 
from the desiccation of the uncalcified organic matter 
of the recent structure. The greater “ width ” of the 
tube near the pulp, and its gradual reduction in 
diameter towards the surface of the dentine; the 
existence of soft solid matter in the “tubes,” as was 
first demonstrated by Tomes ; and the relation of the 
oval masses of bioplasm on the surface of the pulp to 
the dentine, are all accounted for in the explanation 
of the development and formation of the dentine 
above given. 

123. Dentinal “Tubes” not canals for conveying 
fluid. — ^Is it reasonable therefore to suppose that the 
dentinal tubes are really channels for tihe conveyance 
of nutrient fluid &om the surface of the vascular pulp 
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to the* dentinal tissue, as has been so long taught P 
There are no tubes fulfiling a similar office in ivory — 
a tissue very analogous to the dentine. Surely, if 
the ivory of the elephant’s tusk can be formed and 
preserved in a healthy state without nutrient fluids 
being conveyed by tubes to every part of it, it is 
extremely probable that the dentine of other mam- 
malian teeth is in like manner destitute of any such 
special provision, as has been conjectured, for its free 
irrigation in every part. These tissues really undergo 
little change after their formation, and such an ex- 
tensive system of nutrient channels as has been sup- 
posed to exist would be perfectly useless. 

The formation of the soft tissue of dentine and 
enamel afibrds an interesting example of the growth 
movement in opposite direction of masses of bioplasm 
destined to produce special structure. In each case 
the bioplasts move towards a vascular tissue which 
recedes as they advance, and which wastes when the 
formation of the tissues and their calcification have 
been completed. 

124. Of Secreting Cells. — Contrasting in most 
important particulars with the epithelial cells of the 
mouth, already referred to in*§ 33, are the “cells” 
which are concerned in the formation of secretions, 
of which the liver cell may be taken as an example. 
This elemental unit consists of a spherical mass of 
bioplasm, often containing new centres of growth 
(nuclei), surrounded by a considerable extent’ of soft 
formed material, giving to the whole an irregularly 
oval or somewhat angular appearance. Sometimes 
there are two or even three masses of bioplasm in one 
“ cell,” in which case the /mass looks more like a 
portion of a cylinder than a “ cell.” The formed 
material is undergoing change upon its outer surface, 
and, although resulting from changes in one kind of 
bioplasm, becomes gradually resolved into sugar and 
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amyloid^ fatty matter^ the resinous salts of the hih, and 
colov/rmg matters. 

125. Flask-llkc Secretlni? Cells. — ^Another type of 
secreting cell is ttat in which the secretion is poured 
into thie interior, and, after accumulation, discharged 
from a free opening at its extremity, the cell remain- 
ing for some time a fixture, and continuing to dis- 
charge its office. In the mouth of the boa these cells 
attain a very high degree of development, and are 
of large size. They also exist in great number, and 
some may be found in every stage of formation; 
for, although each one may perform its work for a 
certaifi period of time, the cells are being continually 
removed and replaced by new ones which grow up 
fiflom below. 

Like all other elementary parts or units, these 
flask-like cells exist first as spherical or oval masses 
of bioplasm, which then become altered upon the 
surface, and the formed material constituting the 
“cell wall” is produced. In this cavity products 
resulting from the changb bf the bioplasm at its distal 
extremity accumulate, and the cavity becomes di- 
lated. The accumulation of contents and enlarge- 
ment of the space proceed tiU at last the summit of 
the cell approaches the surface ; an opening is then 
formed at its free extremity, and the contents are 
discharged. These cells remain for some time in 
position, constantly discharging the secretion which is 
being formed by the bioplasm in their interior. The 
bioplasm remains near the lower attached extremity 
of the open-mouthed cylindrical cell, and takes* up 
nutrient matter at its lower surface, while at its 
upper part, which forms ihe floor of the cell cavity, 
the bioplasm is gradually changed into the secretion 
of the cell. This accumulates in the cavity, and 
gradually escapes from the open orifice. A large 
quantity of pabulum may pass into the state of bio- 
plasm, and a corresponding quantity of the latter 
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undergo conversion into the formed material or 
tion of the cell, while the entire apparatus hardly 
changes in volume or alters in form or weight. 

120. Formation of dllTerent products bY the same 
Bioplasm. — The above is an interesting example of a 
mass bioplasm giving rise successively to two dilferent 
products. It first produces the cell wall, and then 
gives rise to “ products of secretion,^* the composi- 
tion and properties of which are entirely different 
from it. 

I will now refer to one or two other cases in which 
substances differing in composition and properties 
from the “ cell wall ** are formed from the biojilasm 
within the cell. 

121. Fat Cell. — The fatty matter of the fat cell ts 
formed by the bioplasm after the vesicle or wall of 
the cell has been produced on its surface. The 
changes may be studied in the adipose tissue of the 
white mouse, frog, or other small animal. In the 
chameleon and many other animals, instead of one 
globule of oil being formed, ^nd then increasing gra- 
dually in size, several minute oil globules result and 
these accumulate in the cell. Beautiful vspecimens of 
fat cells at every stage of development may be obtained 
from the connective tissue of the frog and newt. 

128. starch Cells. — Closely resembling the process 
of formation of fat in the fat cell is the deposition of 
starch in the starch cells of many vegetable tissues — 
as, for example, the common potato. If the gradual 
changes which take place as the bioplasm becomes 
developed into the mature starch-holding cells be 
studied, the following observations will be confirmed. 

Little insoluble particles/ of starch are seen em- 
bedded in the bioplasm of the very young cells. 
These particles increase in size by tfie deposition of 
more insoluble starchy matter layer after layer upon 
their surface, as in the formation of a calculus until 
the starch-grains assume the perfect form. 
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129. Secondary deposits. — In some of the feells of 
the potato the cell wall is thickened by the deposition 
of “secondary deposits,” in which case no starch 
granules are’ usually produced. This thickening 
occurs only at certain points, 'leaving slight interyals, 
through which currents of fluid continue to flow to and 
from the bioplasm in the centre of the cavity. The pro- 
cess may continue until the secondary deposit reaches 
near to the centre of the cell. The channels for access of 
nutrient fluid to the bioplasm in the centre remaining 
open, give to the mature cell the stellate appearance 
familiar to every one who has examined such “ vege- 
tabler^cells.” 

Just as the “ secretion ” in the peculiar flask-like 
epithelial cells in the mouth of reptiles results from 
changes in the bioplasm already described, so it may be 
said the peculiar “ contents” or “secondary deposits” 
of other cells are “products of secretion,” and that 
they correspond to “tissue” in other cases. They 
are all non-living substances, resulting from change 
in bioplasm, and they ‘constitute difierent kinds of 
“ formed material.” The numerous pigment granules 
in the large stellate radiating and freely communi- 
cating pigment cells of the choroid coat of the eye, and 
those found in various parts of the frog, afford another 
example of a peculiar material resulting from change 
in the bioplasm. The formation of pigment com- 
mences at a very early period of development, and its 
abundance seriously interferes with the investigation 
of the structure and growth of the tissues of these 
animals, in other respects so well adapted for the 
purpose. 

ISO. Of ciliated CellsSi — The cilia of ciliated cells, 
like the outer part of the cell, the so-called cell wall, 
are composed of formed material; but the move- 
ments of these hair-like processes are due to changes 
taking place in the bioplasm or IMng matter. The 
vibration of the cilia ceases when the bioplasm dies, 
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and is generally influenced by any alteration in ex- 
ternal circumstances which exert an effect, favour- 
able or unfavourable, upon bioplasm. The proportion 
of bioplasm or living matter in ciliated cells is con- 
siderable, and its relation to the cilia is such as to 
favour the view that it is intimately concerned in the 
movements. Nutrient matter is taken up by the 
paass of bioplasm upon the side opposite to that nearest 
fco the cilia, and it seems probable that the production 
\)f formed material, and a consequent alteration in the 
iension of the texture of which the ciliura is com- 
posed, accompanies each movement. I think t^at the 
rate of vibration enables us to measure the rapidity 
of nutrition, and that the to-and-fro movement marks 
the change of pabulum info bioplasm, and the lattei* 
into formed material. This change, which in many 
cases is probably continuous, here gives rise to an in- 
terrupted movement, perhaps because the elastic 
porous tissue of the cilium suddenly expresses from 
its meshes the fluid which had just previously passed 
into them from the bioplasnl. * 

An objection has been raised to the view I have 
advanced, on the ground that the part of a cilium 
of ciliated epithelium which dies first is the base, or 
that part which is nearest to the living bioplasm, not 
the apex which is most distant and which is un- 
doubtedly the oldest part of the cilium and that 
which was first formed. This argument which has 
been advanced by Prof. Rutherford, would have been 
regarded by me as of great importance if it had 
been proved that the cmum itself was bioplasm or 
living matter. But so far from this being the case, it 
is almost certain that the cilium is composed of lifeless 
passive formed material, the movements of which 
are caused by the changes effected by the living 
bioplasm at its base. Now, it is obvious that an 
impulse forcible eilough to produce even considerable 
movement of the thin free extremity of a cilium 
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might be altogether insufficient to effect the slightest 
motion in the thicker basal portion connected with 
the surface of the cell, and in very close relation 
with the bioplasm. In this way we may explain the 
fact of movement ceasing first at the base of the 
cilium without resorting to the hypothesis of gradual 
death from base to apex in a structure which is pro- 
bably not alive, and the movements of which are not 
vital movements, but rather the consequence of vital 
changes in living matter immediately adjacent to it., 
Cilia are indeed modifications of formed material, — of 
tissue j)r of cell wall. , 

Id. Flgrment Cells. — In various parts of the frog, 
newt, and other batrachia are numerous very large 
and branched cells containing fluid, in which are sus- 
pended multitudes of very minute particles of pig- 
ment formed from the bioplasm of the cell which is 
situated in the central part, and is usually obscured 
by the quantity of pigment present. As in other 
cases, currents of fluid set to and from this mass of 
living forming bioplasni. ' The radiating tubular pro- 
longations of the cells communicate with one another, 
and are sometimes filled with fluid having the pigment 
granules evenly difiused through it, while sometimes 
the minute dark granules become aggregated round 
the bioplasm in the centre of the cell, and the radii 
are destitute of them. The movement of the visible 
particles of pigment results from the movements of 
the invisible fluid, which at one time fills the cavities 
and tubular prolongations of the cells, and at another 
permeates the delicate walls, and becomes diffused 
into the surrounding textures. When the tissues are 
saturated with fluid, the radii also contain it, and the 
pigment spreads into the tubular network, but in the 
opposite condition the particles become aggregated in 
the centre of the cell, and the walls of the tubular 
processes approach one another. *' The opposite con- 
ditions of saturation of the tissues with fluid and its 
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removal, are determined by the altered states of 
capillary circulation, which are themselves dependent 
upon the degree of contraction of the small arteries 
which carry the blood to them ; and this is affected 
by the changes in nerve centres from which the 
arterial nerves are derived. In this way, I thirxk, 
may be explained the concentration and diffusion of the 
pigment in these remarkable cell spaces and channels, 
which formed the subject of a highly interesting me- 
moir by Professor Lister, who, however, inferred that 
the nerves exerted some direct action upon the diffusion 
of pigment. In order to make this view appear plausible 
he was, however, obliged to assume the presence jf an 
“ apparatus, probably ganglionic in structure, co- 
ordinating the action of the pigment cells,’ which 
neither he nor any one else has been able to discover, 
and the existence of which is for many reasons most 
doubtful. The fact is easily explained by the altera--^ 
tion in the amount of fluid traversing the tissues at 
different times. When the circulation is diminished 
or arrested, the fluid in the cells passes into the 
tissues, the tubes become nearly emptied, and the 
walls in apposition. The solid particles become con- 
centrated in the large central cavity of the cell, 
which is the last part to lose its fluid ; but when the 
circulation is free, and the tissues are abundantly 
irrigated, the particles spread into the radiating tubes 
now filled with fluid. Professor Lister himself 
remarks that post-mortem secondary diffusion occurs 
in a piece of web “ cut out and placed in a drop of 
water on a plate of glass.” Instead of accounting 
for this fact by the changes resulting from the 
imbibition of water, he invents an explanation which 
I must venture to say does not appear to be justified 
by observation or experiment, attributing it to the 
action of hypothetical nerve cells “ disseminated among 

* ‘"On the Outaneo*ua Pigmentary System of the Frog.” 
Phil. Trans., 1857. 
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the tisanes of the web itself.” Bnt even if we were to 
assnme the existence of such a system of nerve cells 
and fibres, we should be nnable to account for the 
change unless Mr. Lister or some one else could ex- 
plain how such an apparatus would cause little par- 
ticles to move to and fro in fluid contained in the 
interior of a cell ; but we should have to add 
hypothesis to hypothesis before we should arrive at a 
plausible solution of the fact, while, on the other 
hand, a much simpler explanation is afforded without 
supposing direct nervous action at all. The currents 
setting^ towards the mass of bioplasm in the centre of 
the teell, and the varying quantity of fluid diffusing 
through the tissues under varying degrees of vascular 
distension, which we know actually do occur, fully 
account for the phenomenon. These pigment par- 
ticles which we see actually moving prove to us the 
existence of currents of fluid through tissues to and 
from the masses of bioplasm. We may be sure that 
similar changes occur in other tissues, and that in 
the perfectly transparent anastomosing stellate cells 
of the cornea, for example, corresponding alterations 
are continually occurring during life. 

132. Salivary Corpuscles. — Another striking ex- 
ample of movement resulting from changes in the 
bioplasm or living matter is seen in the rapid move- 
ment of little particles in the fluid or semi-fluid 
material of which the salivary corpuscle is in great 
part composed. Owing to .the constant disturbance 
of the fluid caused by the currents flowing to and 
from the actively growing living matter, the little 
particles suspended are kept in a state of constant 
agitation, now forced towards the surface, and then 
as rapidly whirled towards the centre, perhaps sud- 
denly stopped and driven again in an opposite direc- 
tion. These movements are very remarkable. The 
actively moving particles in the interior of the cor- 
puscle can be seen with a good quarter of an inch 
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object gfass, but they may be well studied by the aid 
of a twelfth magnifying 600 diameters. 

The nature of the particles is still doubtful. They 
closely resemble in most of their characters the 
minute spores of fungi. .Their motion, however, is 
not due to the particle itself, but is evidently 
secondary, resulting from the movement of the fluid 
in • which they are suspended. It is possible these 
minute particles may be the agents concerned in the 
very rapid conversion of starch into sugar which the 
saliva is known to efiect. 

MiCBOSCOriCAL PhEPABATIONS ILLTJSTBATINa LECTliiB V. 

No. of diameters 
magnified. 

19. Bioplasm taking part in the formation of epithelium 

and skin, with vessels, nerve fibres, and ol her struc- * 
tures . . . . . . . . . . . . . . 215 

20. Epithelium of tongue and subjacent textures at birth 215 

21. Epithelium of tongue, old man aged 74 . . . . 215 

22. Papillae of tongue, vessels injected, covered and un- 

covered with epithelium, adult . . . . . . 130 

23. Epithelium, mouth of kitton one day old, showing 

bioplasm and formed matetiSl . . , . . . 215 

24. Epithelium, mouth of chameleon, showing large mass 

of bioplasm (nucleus) with new centre (nucleolus) 215 

25. Hairs from surface’ of tongue, liuiman subject . . 130 

26. Hairs and hair bulbs from skin of the kitten. Ob- 

serve the groat quantity of tlie bioplasm at base of 
the bulb where the new growth .takes place . . 40 

27. Hair, vessels, nerves, and adipose tissue ; ear mouse. . 215 

28. Dentine and enamel, human tooth . . . . . . 130 

29. Bioplasm and prolongation torn from the calcified 

dentine, with “ dentinal tubes” . . . . . . 700 

30. Enamel cells, pig at birth . . . . . . . . 215 

31. Bioplasm of periodontal membrane, showing beautiful 

stellate masses, freely anastomosing . . . . 215 

32. Liver cells, toad ; in tubes of J^asement membrane. . 215 

33. Epithelium from mouth of snake, showing large flask- 

like cells, from the orifice secretion escapes . . 400 

34. Ciliated cells from branchias ; oyster. . . . . . 215 

35. Pigment cells, frog 5 showing pigment granules . . 130 

36. Sahvary corpusc^eif showing moving granules within. 700 
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Formation of Tissue — Of FpUh^lial and Fibrous Tis- 
sue — Formation of Spiral Fibres — Contractile Tissue 
— Nerve Tissue — Formation of Fibrous Tissue in 
healing of a Wound — Simple Fibrous Connective 
— Increase in Old Age and in Disease — Mode of in- 
creg.se in Muscles and Nerves — No Fibrous Connec- 
ih'e in Insects — Skeletons of young Orgam in the 
Adult — Interruption of Normal Changes — Vitreous 
Humour — Mucous Tissue of Umbilical Cord — Con- 
nective Tissue — White Fibrous Tissue — Repair — 
Bioplasm of Cornea — Bioplasm of Yellow Elastic 
Tissue — Digament of the Neck of the Girajfe. 

The tissues of which the internal organs of animals 
are composed vary remarkably in structure, compo- 
sition, and properties. We find various gradations 
of resistance and density, from a texture of such ex- 
treme tenuity as to bl3 scarcely demonstrable, to the 
firm, fibrous, cartilaginous, and osseous tissues, the 
hardness of which renders their investigation difi&cult. 
All tissues are, however, formed from masses of bio- 
plasm alike in general characters, though differing 
vastly in power. 

133. Formation of Epithelial Tissue and Fibrous 
Tissue. — ^By many the formation of structures like 
epithehum has been looked upon as a process distinct 
from that which result^ in the production of fibres. 
In classifying the tissues, attempts have been made 
to show that those textures which were composed of 
multitudes of “ cells,’" were of a different nature to 
those which exhibited a “ fibrous a/ppearaiice.” More 
careful investigation has proved that these ideas must 
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be abandbned, and that the formation of all tissues is 
characterised by changes of the same kind. Whether 
soft, smooth, structureless material, or firm, resisting 
fibrous texture is to be formed,* the change is effected 
by a mass of bioplasm which could not be distin- 
guished from the bioplasm which produces any other 
kind of formed material. Not only so, but a given 
mass of bioplasm ma/, under certain circumstances, 
form upon its surface a capsule, and so ultimately 
produce a cell- form, while, mnder other circumstances, 
this same mass may form a distinctly fibrous struc- 
ture, or a firm matrix, having no definite stn:y3ture 
whatever. Moreover the bioplasts which are to fcfwn 
the cuticle of the embryo and those which are to pro- 
duce the fibrous texture of the skin, lie so very close • 
together that no one could say which would take part 
in the production of one texture and which of the other. 
They are not separated by any lino of demarcation or 
membrane, and both sets of bioplasts have the same 
origin. In the process of healing of a wound near 
the surface of the body, “ lylr^ph ” is poured out in 
which may bo found bioplasts which have descended 
from white blood corpuscles. Of these, some produce 
epithelium, others fibrous connective tissue, unless 
they be too freely nourished, in which case they grow 
and multiply rapidly, and no kind of tissue whatever 
results, but pus § 43 is alone formed. 

134. Formation of Fibres. — Fibres may be drawn 
out, as it were, from any mass of bioplasm in one, or 
in two or more directions. The mass of living matter 
may then assume an oval, spindle-shaped, or stellate 
form. Thin structureless expansions may be produced 
directly by bioplasm, or fibrous-like membranes may 
be formed. The “ fibres may run parallel, or may 
cross at various angles, giving rise at last to a tissue 
of such extraordinary complexily that it seems almost 
hopeless to endeavour to unravel it, and impossible to 
find out how fibres, running in so many difibrent 
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directions, were developed. By careful examination, 
however, at different periods of the development of 
such a tissue, the observer will, in some cases, be able 
to form as clear a conception concerning the manner 
in which the interlacing fibres were deposited, as he 
may gain of the mode of formation of a complex 
spider's web, by careful examination at short intervals 
during its formation, although^ he has not witnessed 
the creature actually at work. So delicate are the 
fibres in some tissues that •they can only be detected 
by resorting to artificial colouring; and careful in- 
vestigation leads me to think that in many cases in 
w]^ich a tissue appears perfectly homogeneous and 
structureless, it is really composed of excessively fine 
fibres, which cannot be clearly demonstrated by the 
aid of the methods of investigation at our disposal. 

13S. Movemeiit of Bioplasm In all tissue-forma* 
tion. — The peculiar characters and arrangement of 
some structures can be accounted for .by the move- 
ments of the bioplasm during their formation, and 
converselj^ we may leafn much concerning the move- 
ments of bioplasm by a minute and careful investiga- 
tion of the arrangements of the elementary tissue 
which has been formed by it. In the formation of 
the elastic cartilage of the epiglottis ^ for example, it 
seems probable that each mass of bioplasm revolves 
while it forms delicate fibres, which accumulate, and 
at length appear to be arranged concentrically round 
the space in which . it lies. The fibres, in this case, 
seqm to be formed somewhat in the manner in which 
the caterpillar spins its cocoon, except that in the 
case of the tissue, the process is interrupted, while 
the last is a continuous operation. The attachment 
of the bioplasm to some of these fibres may be dis- 
tinctly seen in the particular texture referred to. 

186. Remarkalile spiral Fibres. — In connection 
with the ganglion cells of the -sympathetic of the 
frog, I have described a very remarkable spiral 
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arrangeinent of nerve fibres, which can be readily 
explained by supposing movements of the bioplasm, 
while I believe in no other manner can the facts be 
satisfactorily accounted for. . So also by the careful 
study of the arrangement of the twisting of nerve 
fibres in many tissues, we shall become convinced ot 
the never-ceasing movement of the masses of bioplasm, 
not only during development, but afterwards, during 
the adult period of life. In this way only can 
many of the highly intricate structural arrangements, 
familiar to us in many organs of man and the higher 
animals, be explained. 

139. Changes In Tissue after formation. — Clianges, 
however, take place in many kinds of tissue after the 
fornjative act has been completed. In some cases th» 
part which was first produced dries up, and gives 
rise to irregularities or cracks, which appear as 
peculiar markings, and may be characteristic of the 
fully formed structure. Sometimes a tissue, which 
for a long time may appear homogeneous and clear, 
gradually acquires a fibrousp appearance from the 
tendency of the old tissue to split, or cleave in certain 
directions, which will, in fact, be found to correspond 
to the lines in which new ti^uo material was de- 
posited at an early period of formation. 

138. EpUliellal Tissue. — One of the simplest forms 
of tissue found in man and animals, and perhaps that 
which is produced most easily and most quickly, is 
cuticular epithelium, § 115. Possessing elasticity, 
and considerable extensile property, performing the 
passive office of protecting more important textures 
beneath it, upon which it rests, and with which it is 
often connected, this tissue is readily replaced, if 
removed, and when injured is quickly and effectually 
repaired. Epithelial tissues exhibit, however, re- 
markable differences in property in different situations. 
One may be dry and firm, hard and resisting, forming 
a sharp point or cutting edge, as in certain kinds of 
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nail and horn ; another may be snpple and elastic, 
like the epidermis, or soft and moist, like the epithe- 
lial tissue of mucous membranes and internal passages, 
while some forms of epithelial tissue are semi-fluid, 
or more or less viscid, of the consistence of mucus, 
§ 34. 

130. Different kinds of Epithelial Tissue. — The 

student would scarcely believe that the soft, moist 
epithelium of a mucous membrane was in any way 
related to the hard dry tissue of which nail, horn, and 
hair, § 118, consist, or to the hard calcified texture 
of shell, dentine, .§ 120, or enamel, § 121 ; but if he 
were io examine these textures at an early period of 
their development ho would be convinced of' their 
•very close relationship, and would find that the formed 
material was produced in the same manner in them 
all. It may be truly said that one thing can scarcely 
diflcr more from another than the soft, moist epithe-r 
Hum of a papilla of skin or mucous membrane does 
from the firm cuticular tissue of horn or hair, and 
yet under modified confi.itions the former may become 
so altered as to constitute a tissue which any one 
would admit was closely allied to the latter structures. 
The fibre-like cells cohstituting certain forms of hair, 
horn, and nail are very different from other forms of 
epithelial tissue, but, as is well known, well-developed 
horns are occasionally produced on the skin, and the 
homy material consists but of modified epidermis. 
The long drawn out cells or fibres of enamel and 
dentine are probably modified forms of epithelium, 
the formed organic matter of which has been gra- 
* dually impregnated with calcareous particles, § 11 9. 

140. Difference In fun/etlon dlsehargecl by EpltbeUal 
Tissues. — Nor do epithelial textures differ from one 
another less remarkably in structure and physical 
properties than they do in function. The cell which 
secretes bile, or urine, or gastric •juice, § 124, would 
seem to be very far removed from the epithelial cell 
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ot tHe cuticle or of a mucous membrane, for tbe 
former are instrumental in the production of secre- 
tions possessing very peculiar properties and con- 
taining much water, while the last produces only the 
dry horny matter which accumulates, or a softer 
material which, however, by gradual drying, may be 
converted into the same sort of passive substance. 
The relationship is however distinctly seen in disease, 
for there are conditions under which secreting cells 
may cease to produce their characteristic secretions, 
and shrivel up and waste, becoming at last so changed 
that some of them might easily be mistaken* for a 
very simple form of non-secerning cell struct?lre. 
While in “ inflammation the bioplasm of all these 
cells being supplied with an undue proportion of 
nutrient material, gives origin to a common form of 
bioplasm — “ pus.’* 

141. Gland follicles and ducts. — A gland follicle 
itself, with its included epithelium, is, in the first 
instance, but a diverticulum from the duct ; which 
duct is but an inflection of* tbe general surface. In 
the formation both of the duct and the gland follicle 
epithelium is instrumental. Young cells may grow 
in a direction from the duct, and multiplying in num- 
ber may produce a little collection like that seen in 
the gland follicle, or a long series may result, as in 
the formation of the tubes of which some glands are 
constituted. Eventually the permanent epithelium 
of the secreting part of the gland differs so much in 
form and action and properties from that of the duct, 
that, had we not watched the evolution of both, we 
should not have been inclined to believe in their 
common origin. 

142. Formation of epltbellnm and lllirous tissue by 
bioplasm.— At an early period of development no 
structural differences can be discerned between the 
formed material produced by those masses of bio- 
plasm on the surfiice of the body which are to give 

H 
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rise to “ epithelial cells,” and that formed by those 
beneath which are to take part in the development of 
“ fibrous tissues,” vessels,” “nerves,” and “muscles.” 
But gradually the soft mucus-like formed material 
first produced, disappears, and tissue^ exhibiting pe- 
culiar structure, and manifesting special properties, is 
slowly formed by the bioplasm. This constitutes the 
tissue of the epithelial coll, or the fibrous tissue of 
the subjacent textures, as the 'case may be. The pro- 
cess of epithelium formation on the surface having 
commenced, continues as long as life lasts, and the 
loss of the old epithelial cells is compensated by the 
prdtluction of new ones beneath. 

148. Formation of contractile tissue. — One of the 
'hiost remarkable examples of peculiar structure 
familiar to us, and one which cannot be at all satis- 
factorily explained at present, is striated muscle. But 
we must not conclude that the transverse markings 
are essential to contractile tissue, for they are com- 
pletely absent in the ;case of involuntary muscular 
fibre. While, on the other hand, there are certain 
kinds of fibrous tissue, destitute of contractility, 
which possess distinct transverse markings. Nor are 
the striae of muscle seen at an early period of develop- 
ment. They do not make their appearance until 
contraction of the tissue has repeatedly occurred ; but 
the fact of their great regularity and consteut. uni- 
formity in the same species of animal preemdes the 
possibility of these markings being due merely to 
some accidental variation in the refractive power of 
the muscular tissue. It is certain they depend upon 
the occurrence of important structural changes 
while the contractile material is in a very soft plastic 
state. They may be due to the rate of formation of 
the contractile substance, and the rapidity of the suc- 
cessive actions of the nerve current instnimental in 
exciting contraction. The depth * of the contracting, 
portions indicated by the varying distances between 
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the linei^ in different cases may be accounted for by 
the altered rate of performance of the operations 
above referred to. 

144. Formation of nerve tissue. — It has been 
generally considered that the tissue of the nerve fibre 
was peculiar, and that its functions was in some 
manner determined by the peculiarity of its structure, 
or by its chemical composition. Such a view is, how- 
ever, not . supported by facts. For when we come to 
examine the axis cylinder or core of the nerve fibre, 
which is undoubtedly the active and really essential 
part, and that which is alone instrumental iij trans- 
mitting the nerve current, we find that this filafflhent 
possesses an exceedingly simple structure, and, at 
least in some anima^ls, looks very like ordinary fibrouk 
tissue. Indeed, if we were shown only a very small 
piece of an axis cylinder of a .frog’s nerve fibre, and 
some pieces of fibrous tissue of the same shape and 
size, we should not be able with certainty to distin- 
guish one from the other, 

145. Formation of fibrin. — One of the simplest 
forms of tissue which is most widely distributed 
among other tissues of man, and the higher vertebrata,' 
appears under the microscope to consist entirely of 
delicate fibres passing from one point to another. 
Extremely delicate fibres may be formed by every 
kind of bioplasm, and these result from its death. 
The substance known SiS fibrin consists of fibres which 
interlace in all directions, and which probably have 
been formed from matter produced by the white blood 
corpuscles. A white blood corpuscle, a mucus cor- 
puscle, or other kind of bioplasm may move onwiards, 
leaving behind it a trail of Tiewly formed lifeless ma- 
terial consisting of a mucus-like mass of delicate fibres. 

Fibres of fibrin gradually acquire firmness by the 
closer approximation of the material of which they 
consist, and the gradual expression from its substance 
of more and more of the fluid existing in relation 
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or combined with it at the time of its origin fk)m 
the bioplasm. The gradual production of these 
fibres may be studied under the microscope during 
the coagulation of a drop of liquor sauguiuis, 

•146. Formation of cuticle during the healing of a 
wound, &:c. — A modified form of cutipular tissue 
may be produced in a manner different from that 
described in § 116. Where the healing process pro- 
ceeds over an extensive surface after thp removal 
of a considerable portion of skin, new cuticle is 
at last formed. The formation of new cuticular 
texturp does not only spread gradually towards 
the ^'centre of the space from the intact cuticle at the 
margin of the wound, but new points of cuticle for- 
mation are seen to originate as little islands even 
in the central part. This cuticular tissue must be 
formed by masses of bioplasm, which have descended 
from white blood ooi’puscles, many of which are 
usually found upon the surface of a healing wound, 
having escaped when very small with the scrum of the 
blood through the thin wafls of the capillaries.* It must 
be remembered that the particles of bioplasm concerned 
are the descendants of white blood corpuscles which 
have themselves descended from embryonic masses of 
bioplasm formed at a very early period of develop- 
ment before many of tlie tissues wei*e formed, and at a 
time’ therefore when the capacity for the production 
of diverse stnictures was greater than at a later period. 
The white blood corpuscles are the only masses of 
bioplasm of the adult that could inherit the diverse 
powers of embryonic bioplasm, and this perhaps may 
be the explanation of the greater degree and variety 
of formative capacity possessed by these as compared 
with other living particles. 

149. Formation of fibrous tissue In healing of 
wounds. — ^When a wound in the substance of a tissue 

* On the Germinal Matter of the Blood." Mic. Journal, 
1868. 



SIMPLE FIBROUS CONNECTIVE. 


101 


is repaired, filmn is first formed from the minute bio- 
plasts and white blood corpuscles. The bioplasm em- 
bedded in the meshes of this newly formed web of tem- 
porary tissue then grows and multiplies, and at length 
masses are formed from which a firmer and more lasting 
fibrous tissue results. This is deposited in definite 
layers, and in a definite ‘direction, while the old tem- 
porary fibrin having served its purpose is slowly 
absorbed. The changes referred to have been care- 
fully studied in the fibrin deposited from the blood in 
the repair of a wounded artery. The characters of 
the coagulum first formed, and the changes* which 
take place in it afterwards, have been represenl^d in 
the plates appended to the memoir referred to, “ On 
the repair of Arteries and Veins after Injury,” by 
Henry Lee and Lionel S. Beale. Medico Chirurgical 
Transactions. Vol. L. 

148. Simple fibrous connectlTe. — This very delicate 
texture, the simplest of all the tissues, is very widely 
distributed in man and the Jiigher animals. Indeed 
there is scarcely a part of the body in which traces of 
it cannot be discerned. From the circumstance of 
its existing between the morje important structural 
elements of higher tissues, and connecting them to 
one another, as well as to other tissues, it has been 
termed connective tissue. It ha/S been supposed that 
this texture was designed to give strength and support 
to more important tissues, but it must be obvious to 
any one who examines any of the organs in question, 
that the various structural elements afford the most 
efficient support to one another, and are not in need 
of a special supporting frame- work of any kind. - It is 
indeed very remarkable' thdJt such a view should have 
been entertained, as it is well known that at the time 
when the more elaborate tissue elements are softest, 
and therefore mo^t in need of support, that is at an 
early period of their development, scarcely a trace of 
this connective is to be found, while, on the other 
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hand, when the textures have acquired considerable 
firmness, and possess resisting power of their own, 
this “supporting” connective tissue exists in very 
large quantity. 

140. Increase of fibrous connective tissue In old agre 
and In disease. — The intervening connective, instead 
of being of advantage to thfe special elements of the 
tissue, actually interferes with their action, and its 
accumulation corresponds with the deterioration of 
the organ in which it takes place. Old textures differ 
from young textures of the same kind in the greater 
proportion of connective tissue present, and this results 
from changes occurring in the notmal structure. In 
many painfiil examples of chronic disease of im- 
portant organs which come under the notice of the 
physician, the premature decay at a time when all 
parts of the body ought to bo still in an acti^y 
vigorous state, is associated with abundance of cf ■ 
nective, this being, in fact, the debris of the mbre 
important texture which^l^as wasted. 

150. Mode of Increase of fibrous connective in 
muscles and nerves. — It is easy to understand how 
the connective tissue results during the development 
of textures in which the permanent type of structure 
is not manifested until several temporary textures 
have occupied the place of that which is destined at 
last to remain. These temporary textures gradually 
disappear, leaving a small quantity of what we call 
fibrous connective, and this collects, in most instances, 
at the outer part, because the formation of the new 
tissue takes place in a direction from within outwards. 
In studying the development of tissues, which consist 
of collections or bundles *of fibres as, for example, 
muscular fibres, this point may be demonstrated very 
conclusively. The new fibres originate in the centre, 
and great differences in character Jbetween the outer- 
most fibres and those situated further inward, will 
always be observed. From the first the masses of 
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bioplasm, situated most externally, only produce con- 
nective tissue, and the muscle itself results from the 
development of' those occupying a more central 
situation. The same fact is noticed in the develop- 
ment of nerve fibres. The masses of bioplasm, 
situated at the outer part of the bundle, do not pro- 
duce true nerve fibres, but from them is formed con- 
nective tissue only. Up to a certain period the 
formation of true nerve fibres may have been possible, 
but a sufficient number of perfect fibres having been 
developed within, the marginal fibres degenerated and 
took the low form of fibrous connective. 

151. Formation of flbruus connective In slandfk — 
But the nature of this connective, and the mode of its 
production, are very conclusively determined by in-, 
vestigating the changes which occur during the de- 
velopment of a gland of highly complex structure, 
like the kidney or liver of man and the higher 
animals. At an early period of development .the 
cells concerned in the formation of the kidney, for 
instance, multiply and become arranged so as to form 
a cylindrical mass. By their division and subdivision 
this increases in length and circumference, at least 
during a certain period, in ev’ery part of its extent. 
At the deep or external portion of these cells, adjacent 
to the vessels, matter is slowly deposited in an in- 
soluble form, and thus a thin membranous boundary 
corresponding to the outer limit of the future tube 
results, and this becomes extended as the cells grow, 
while at the same time it is increased in strength hy 
the addition of new matter. Between the lines of 
masses of bioplasm from which the tubes are de- 
veloped, and those which take part in the formation 
of vessels and nerves, are a few masses which are not 
concerned in the formation of any definite structure, 
but which perhaps take part in the production of a 
small quantity of futervening substance. The mem- 
brane becomes further modified by its relation to the 
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nerves and blood-vessels. These were very close to 
the cells at the earliest periods of development, and a 
Very close relationship between them mnst be main- 
tained thronghont life, or the free action of the gland 
would be ^paired. Moreover, as the gland which 
already acwely performs its functions grows, new 
nerve fibres and new capillaries must be developed 
around the tubes. The position which a capillary or 
or an ultimate nerve fibre occupies at an early period 
will at a later time be the situation where a bundle of 
nerve fibres^ or am-all oHenea and veins mnst be placed. 
The /structural changes involved in all these altera- 
tion are considerable. Old capillaries and nerve 
fibres must be removed as new ones are developed to 
'take their place, and all the original gland cells \Vill 
have disappeared probably long before the uriniferous 
tubes have acquired their fully formed charactq-s. 
But these structural elements are not completelyi Jb- 
moved. There remains a small quantity of mu;feer 
which cannot be taken up by the ordinary processes 
at work. This is no doubt capable of being removed 
like every texture in the body, but its complete re- 
moval would probably involve the destruction of the 
gland, while its almost complete removal permits of 
, the continuous development of the latter, and does 
not interfere with its continuous action. The con- 
ditions of existence in the case of man and the 
higher vertebrata, with a few unimportant excep- 
tions only, permit the very gradual but not absolutely 
complete removal and renovation of the tissues first 
formed. Hence, as we grow older the greater is 
the amount of connective tisstEe that accumulates. 

Iftai. No fibrous connecrtlve In Insects. — In insects, 
the state of things is very different, and in their 
textures there is an almost complete absence of con- 
nective tissue. The organs and tissues of the larva 
are entirely removed, while new oi'gans and textures 
of the imago, or pe^ect insect, are laid down afresh 
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and developed cih iniUo, instead of being built up 
upon those first formed. Such complete change, 
however, nece^?sitates a state of existence during which 
action or function remains in complete abeyance. In 
the pupa or chrysalis period of life, fiincti^al activity 
is reduced to a minimum, and nothing is allowed to 
interfere with the developmental and formative pro- 
cesses. The new and more perfect being which is 
evolved does not probably retain a trace of the struc- 
ture of its earlier and less perfect state. Although 
the elements of matter in the imago are, of 
course, those of which the larva was composed, 
they have been as completely re-arranged as <hey 
would have been had they been introduced into the 
organism of another individual altogether. NotT 
only have the old tissues been utterly destroyed 
and new ones produced, but in many instances these 
new ones belong to a totally different type ; and were 
it not that observation has taught us that they Kave 
been really evolved at different periods during the 
life of one and the self-same individual being, we 
should have concluded not only that they belonged to 
difierent species, but in many, cases to species far 
removed from one another. 

las. Skeletons of yoiinsr ornrans In adults. — In ver- 
tebrate animals there is not an organ in the adult but 
retains, not only the form which it assumed at a com- 
paratively early period, but some of the very same 
tissue which was active in early life remains in an 
-altered but deteriorated state. Every adult organ 
may be said to contain as it were the imperfect 
skeletons of organs which weVe active at an earlier 
period of life. This materi&l which slowly accumu- 
lates, clogs, and perhaps even in the most perfect 
state of things, slightly interferes with the free 
activity of the organ. If from any interference with 
the changes this unabsorbed debris accumulates in 
undue proportion, the action of the organ may be 
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verj^ seriously impaired. It indeed soon grows old, 
while all the rest of the body may remain young. 
Its imperfect action deranges other processes of the 
body, and these react upon it until further action 
becomes impossible, and death results. The gradual 
but continuous and regular decay and renovation of 
an organ is normal in the vertebrate animal. The 
changes exhibit wonderful elasticity within certain 
limits, according to the demand for functional activity 
of the organ, but these limits, narrow in some, wide 
in others, cannot be exceeded without derangement 
and sV^w deterioration resulting. 

1G4. Interruption of normal changes. — This con- 
tinuous renovation of an organ and accumulation of 
*tho skeleton of its earlier periods of existence may, 
however, be almost suddenly interrupted. In those 
changes which lead to the formation of pus thp i'Q- 
moval of every texture is as perfect as during (i4he 
pupa state of an insect, but the bioplasm constituting 
the pus corpuscles has no power to give rise to that 
which will take part *m the development of new 
tissues, while that which takes part in the removal of 
the larval tissues during the pupa state does possess 
this power. When therefore in vertebrata this complete 
change occurs the organ is destroyed, but a new one 
is never developed in its stead. A part of a complex 
organ may be destroyed and removed, but it cannot 
be formed anew, so that in man the gradual or sudden 
destruction of a great part of an organ necessary to 
life cannot be repaired, although in many cases the 
patient may adapt himself to the altered state of 
things and live under the changed conditions. The 
above considerations afford, I think, an explanation 
of the formation of the so-called interstitial indefinite 
connective found in greater or less amount in all 
organs of all vertebrate animals, and of its increase 
as fiiffe advances. The more regularly, gradually, and 
permctly the changes are effected, the smaller be 
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the proportion formed, and the more slowly will it 
accumulate. When this is the state of things in all 
the organs of the body, health and longevity result. 
The opposite entails disease and too early death. 

155. Vitreous humour. — This texture is so delicate 
that no structure can be demonstrated in it, eveli if 
examined under high powers. It contains so little 
solid matter, that 100 parts lose by evaporation up- 
wards of 99. The tissue, however, probably forms a 
delicate web, in the meshes of which watery fluid is 
retained. At an early period of development nume- 
rous masses of bioplasm may be demonstratcjd in 
every part of the mass that is to become the vitredUs 
humour, and from each one may be traced extremely 
delicate filaments, which may be followed for some 
distance, but are at last lost sight of from their 
tenuity. Fibres no doubt exist which are too delicate 
to be seen. As development advances, the adult 
vitreous masses of bioplasm become separated frCm 
one another bv an increasing extent of delicate 
tissue, and many of them disappear. Some on the 
surface may, however, be detected even in the adult, 
and probably are concerned in tjie formation of new 
tissue at the circumference, as well as in certain 
changes occurring in disease, which may result in a 
complete alteration in the character of the vitreous. 

156. The mucous tissue of the umbilical cord (the 
jelly of Wharton) is one of the simplest forms of 
fibrous connective tissue, and one well worthy of at- 
tentive investigation. Like the vitreous, it contains 
very little solid matter. Its mode of growth is inte- 
resting, and by studying it carefully, we may obtain 
very accurate information Cbncerning one way in 
which interstitial growth and expansion of a tissue in 
every direction are provided for. In very young 
mucous tissue oval masses of bioplasm are seen ar- 
ranged routid small circular spaces. They divide and 
subdivide, and move in a direction outwards from the 
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centre of eacli space. From each a delicate fibre 
extends, which intertwines with the fibres from adja- 
cent manses of bioplasm. The bioplasm increases at 
the circumference of each area, while the previously 
formed tissue remains in the central part. Thus it 
happens, when the tissue has grown to a certain ex- 
tent, more or less circular spaces, occupied by a very 
delicate fibrous tissue, are seen free from any bioplasm 
whatever, while the latter exists only at the circum- 
ference. These spaces increase in diameter as the 
tissue advances in development. In this way growth 
take^ place equably in all parts of the tissue. 

^The above appearances in the structure of the 
tissue may be well seen under a low power in suffi- 
’ ciently thin specimens prepared as I have described. 
When examined under a magnifying power of 700 
diameters, each elementary part is observed to con- 
sist, 1, of the oval mass of bioplasm prolonged in 
either direction for a short distance, and exhibiting 
oil-globules in consequence of change having taken 
place after death ; and, 2, of the delicate fibrous 
tissue externally, which may be tom and frayed out 
without difficulty. 

15^. Virchow’s Julce-conveyingr tubes. — The ex- 
tensions of the bioplasm into the fibrous tissue have 
been mistaken for tubes, and it has been stated by 
Virchow that these tubes anastomose throughout 
the tissue, and constitute a system of channels for 
the conveyance of the nutrient juices. But it 
need scarcely be remarked, first, that the sup- 
posed channels do not in all cases anastomose; 
secondly, that they contain bioplasm and imperfectly 
developed formed material, not fluid, as has been sup- 
posed ; and, thirdly, that nutrition is more perfectly 
carried on by the tissue itself being permeated every- 
where by the fluid flowing to and from the bioplasm, 
than it would be by any system of nutrient tubes like 
that imagined to exist* 
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The juice-conveyiBg channels, described by Vir- 
chow as so necessary for the distribution of nutrient 
matter to the tissues, thus receive very different 
interpretation. It is now more than ten years since 
the views, here given concerning the supposed nutrient 
juice- conveying channels were advanced, and quite 
time that the question of fact were examined by other 
observers. It is manifestly detrimental to the inte- 
rests of science that erroneous views should be 
repeated year after year, although they have been 
distinctly proved to be erroneous. 

158 . ConnectlTe tissue has formed the battle-ground 
of many a scientific conflict, and the most extreRe 
views have been entertained concerning its nature. 
By some it has been regarded as one of the most im- 
portant and necessary of tissues in the organism, and 
as contributing to the support of higher and more com- 
plex textures, and concerned in the distribution of 
nutrient material to them. It has been maintained 
that some parts of the nervous system consist almost 
exclusively of connective tissue ; and this texture 
has long been regarded as a most important and ne- 
cessary constituent of nerve organs. Indeed, some 
have affirmed this to be the tissue in which nerves 
end. But, in opposition to these views, a great array 
of most important facts has been advanced. In some 
of the lower animals remarkable for their elaborate 
and delicate textures, which one would think really 
do require support, ho connective tissue is to be found, 
while in the higher animals and man; scarcely a trace 
of the texture is to be met with af a very early 
period of development when the tissues are very soft 
and delicate, and when, therefore, they are most in 
need of support ; at this time also they require a vast 
amount of nutrient material distributed to them in 
the most perfect manner, but notwithstanding their 
necessities, this tissue, supposed to be necessary for 
the conveyance of nutrient matter to them, is absent. 
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159. Formation. — Moreover, the mode of formation 
of connective tissue is opposed to the above theoretical 
views. Connective tissue results in many cases during 
the growth of higher and more important textures. 
The intervals between nerves, musples, and other 
tissues, and between the constituent parts of these 
tissues respectively, are occupied by connective tissue. 
When a tissue or organ is to be developed, its germ 
always originates from bioplasm occupying the centre 
of a collection of masses of bioplasm. As its develop- 
ment proceeds, the superficial masses of living matter 
are ipushed further outwards ; and, instead of taking 
p&rt ill the formation of the particular tissue or organ 
in question, their formative power is limited to the 
production of this indefinite fibrous or connective 
tissue. 

160. Connective tissue formed durlniT the waste add 
decay of organs. — As organs and tissues decay, much 
of their structure is removed, but a residuum which 
remains is known as connective tissue, the masses of 
bioplasm of which correspond in many cases to those 
of the original cells or elementary parts of the tissue 
or organ which ha^s wasted. Nerves, muscles, the 
tissue of the brain and spinal cord, the glandular 
tissue of the liver, kidney, and other organs, may thus 
become converted into a texture which is exactly like 
connective tissue, a form of which may even be pro- 
duced from white blood and lymph corpuscles. In 
all kinds of connective tissue the relation of the 
bioplasm to the' fibrous tissue or formed material is 
the same. In, disease the masses of bioplasm often 
increase in size and multiply in number, giving rise 
to new connective tissue, which is added to that 
which already exists. In this way the condensation 
and alteration in properties of the original texture 
may be effected. 

161. CorA-Uke fibres In fibrous eonnedlve. — ^In 

many kinds of connective tissue, besides a delicate 
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texture closely resembling certain forms of white 
fibrous tissue, there are some fibres exhibiting the re- 
actions of yellow elastic tissue. These fibres differ in 
character and number in different cases. Some of 
them consist of elastic tissue developed from nuclei 
or masses of bioplasm, as will presently be described. 
But in many cases these fibres are probably the re- 
mains of nerve fibres or capillary vessels which had 
been active at an earlier period of life, while, in some 
instances, they result from the prolongations of the 
bioplasm being converted into imperfectly developed 
fibrous tissue, which, like bioplasm itself, is noi ren- 
dered transparent and caused to swell up by fhe 
action of acetic acid. 

162. Wlilte fibrous tissue consists of a firm, hard, 
whitish material which becomes converted into gela- 
tine by boiling. The toughness and resisting pro- 
perty of skin depend upon this tissue. The bioplasm 
of all kinds of white fibrous tissue may be showrf to 
be continuous with the fibrous tissue or formed ma- 
terial. If a small portion of white fibrous tissue, as 
tendon, be examined at a very early period of deve- 
lopment under a power of 200, diameters, it will be 
found that it is composed of oval masses of bioplasm, 
with a very little intervening fibrous structure. At a 
still earlier period of its existence, it contained a still 
larger proportion of bioplasm. As growth proceeds, 
the fibrous material increases, and the bioplasm rela- 
tively decreases, so that when it reaches its adult 
form the principal portion of the structure consists of 
fibrous material, and there is comparatively only* a 
very small amount of bioplasm. To state this more 
clearly — In equal portions of young and adult tendon 
the proportion of bioplasm is very different. There 
may be five or six times* as much in the former as in 
the latter. This important fact will be demonstrated 
quite easily if a piece of young tendon be contrasted 
wi^ a portion from an old subject. The contrast be- 
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tween the two specimens in the proportion of bioplasm 
which corresponds to a given amount of formed 
material is very striking. (See the new edition of 
Physiological Anatomy and Physiology of Man,” 
Part II.) The formed material increases as the 
tendon is developed, and at the same time it' under- 
goes condensation. The fibrous material is continuous 
with, and has been formed from, the bioplasm. Like 
other kinds of formed material, it possesses no power 
of absoubing nutritive pabulum, nor can it convert 
this into* tissue like itself. All additions to its sub- 
stance take .place at those points only at which bio- 
plasm exists. 

163. Bioplasts of white fibrous tissue. — The little 
masses of bioplasin situated at reguldl^ distances 
throughout the tissue, and having the appearance of 
nuclei, are the only parts engaged in the process of 
growth, and upon the outer part of each is a layer of 
soft formed matter not yet converted into the firm 
unyielding fibrous tissue. From each there extends, for 
some distance amongsf the fully formed tissue, threads 
of imperfectly developed formed material which re- 
sists the action of |jicetic acid and refracts highly — 
circumstances which have led to the opinion that 
from each nucleus, fibres of yellow elastic tissue were 
prolonged, and, as a consequence, it was supposed 
that the “nuclei” and their supposed “fibres,” or 
' nuclear fibres which were embedded in the white 
’ fibrous tissue, had nothing to do with its formation. 
The former were^ supposed to represent cells, and the 
littter an mtercellu^n^ substance. Subsequently, Vir- 
chow included thpm in his catalogue of juice-con- 
veying channels. Careful examination of properly 
prepared specimens of the same kind of fibrous 
tissue at different ages will, however, convince any 
caieful observer that the theories now taught are 
untenable, and that the facta may be satisfactorily ex- 
plained upon the more simple view of the structure 
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and formation of fibrous tissue t have ventured ’to 
bring forward. See my Lectures delivered at the 
Royal College of Physicians, 1861. 

164. . Repair of white fibrous tissue. — This simple 
tissue is repaired after injury by the development of 
tissue *of the same character. White fibrous tissue 
may be formed by white blood- corpuscles, or by the 
masses of bioplasm descended from them. In the 
repair of injuries to arteries and veins, Mr'. Lee and' 
myself traced the production of white fibrous tissue 
in what was ckai^ly at first but fibrin deposited from 
the blood, and I have shown that the recent lyiaphin 
certain inflammations has ^ similar origin, an^ is 
formed in the same way. In the repair of a divided 
tendon, masses of bio]dasm probably result partly 
from the multiplication of the adjacent bioplasm of 
the tissue itself, and partly from the white blood- 
corpuscles which have escaped from the divided ves- 
sels, or from masses of bioplasm descended from 
these. 

166. Bioplasm of the cornea. — Stellate masses of 
bioplasm are remarkably distinct in the corneal tis- 
sue of all animals, where they Qxist in great number, 
and possess long branching processes which anas- 
tomose freely with one another, and which may be 
distended with fluid, or contain very little, as was 
explained in the case of the branching pigment cells 
of the frog, § 131. These are the so-called comeal 
corpuscles, and are to be demonstrated in any corneal 
tissue without difficulty. AmongStthem are, how- 
ever, masses of bioplasm whichn^long to the nerves, 
and some few which are not connected with any tis- 
sue (wandering cells of Recklinghausen). In spe- 
cimens I have prepared the numerous stellate masses 
of bioplasm are seen very distinctly, and the anasto- 
moses between the radiating processes can be detected 
without difficulty. These bear to. the firm but trans- 
parent comeal tissue just the same relation as the 

1 
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stellate masses of bioplasm existing in certain spe- 
cimens of tendon bear to that texture. The number 
of these freely connected masses of bioplasm dis- 
seminated through the corneal tissue renders this 
texture permeable to fluids, and probably allows great 
alterations to take place iuiits internal structure, very 
quickly leading to considerable modifications in its 
thickness, and perhaps in its refractive power during 
life. In properly prepared specimens, the masses of 
bioplasm which are connected with the nerve fibres 
may be shown to be distinct from those of the corneal 
tissue^ and the finest ramifications of the nerves which 
mffy be traced in the substance of the corneal tissue 
to have no connexion with the radiating processes of 
* the corneal corpuscles, or with the bioplasm of these 
bodies. Kiihne some time since published a memoir, 
in which he endeavoured to prove that some of the 
processes of the corneal corpuscles were continuous 
with delicate ramifications of the nerve fibres but 
although I have seen m|iny specimens which on first 
sight appeared to justify such an inference, I have 
been convinced, on further and more careful examina- 
tion, that this was not the case, and I have been able 
to focus the delicate nerve fibre distinct froni the 
prolongations of the corneal corpuscles, and to prove 
that these bodies were situated upon different planes. 

1G6. Yellow elastic tissue. — The bioplasm of yellow 
elastic tissue is so very, indistinct in specimens ex- 
amined in the ordinary way, that many authorities 
have concluded that this tissue is altogether destitute 
of living matter, and that its formation is not due to 
nuclei or cells of any kind. It is, however, obvious, 
that in ordinary specimehs the small masses of per- 
fectly clear, transparent, structureless bioplasm would 
be completely hidden by the highly refractive, firm, 
weU-defined fibres of the elastic tissue. But no 

* ** UntersuchuDgen fiber das Protoplasma und die Contrac- 
tilitftt.” Leipzig, lb 64. 
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difficulty is experienced in detecting the bioplasm of 
this tissue, if it is prepared according to the plan I 
have described. The carmine fluid tinges the bioplasm 
of this tissue as well as every other kind; and in 
properly prepared specimens oval masses of bioplasm 
are seen adhering to th^ fibres of yellow elastic tissue, 
and bear to it the same relation that the bioplasm of 
some other tissues bear to the formed material of 
these. The bioplasm of yellow elastic tissue is so 
easily demonstrated in the young ligamentum nucha3 
of the lamb, in which the oval masses may he seen so 
distinctly and in such great numbers, that ope can- 
not but feel astonished that any doubt should 
exist on the point. But in such questions conjec- 
tures and speculations have hitherto influenced both 
teachers and pupils more than accurate observation. 
By careful examination fibres may be found in 
various stages of development, from the thinnest and 
scarcely visible line to the well-known distinct cylin- 
drical &ro. The bioplasm is seen as an oval ’ mass 
upon one side of the fibre**and passing from either 
extremity to the surface of the fibre may be detected, 
with the aid of high powers, an extremely delicate 
tissue, which is the soft and imperfectly formed yellow 
elastic ligament. In the case of some of the larger 
fibres, I have been able to trace a gradual alteration 
in density of the delicate tissue just referred to, in 
proceeding from the mass of bioplasm towards the 
fibre until the firm dense texture of the actual yellow 
elastic tissue is reached. The nwv tissue thus pro- 
duced contributes to the thickening of the fibre. The 
appearance seen in many cases is such as to justify 
the inference that the bioplasm moves along the sur- 
face of the fibre, leaving behind it as it goes a small 
proportion of soft formed material, which gradually 
undergoes condensation, and becomes slowly con- 
verted into yellow elastic tissue. In this way each 
fibre is increased in thickness. Concerning the 

I 2 
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origin of the finest fibres of yellow elastic tissue from 
oval masses of bioplasm, there will not remain the 
slightest doubt in the mind of any one who has 
examined properly prepared specimens of this tissue 
at an early period of its development. Other forms 
of yellow elastic tissue from the ligamenta subflava, 
vocal cords, coats of arteries and veins, and from 
other parts, also contain masses of bioplasm, which 
may be demonstrated in the manner I have re- 
ferred to. 

lOV- Llimmentum nuchae of the nrlralfe. — The fibres 
of the ligamentum nuches of the girafie are very 
largo, and remarkable for exhibiting at short in- 
tervals transverse markings, which were first noticed 
by Professor Quekett. These markings are situated 
in the internal part of the fibre, and do not usually 
extend quite to its outer surface. They probably 
depend on contraction of the oldest part of the formed 
matCl*ial taking place as it gets dry and condensed 
after its formation is completed. Unfortunately, I 
have not had ah opportunity of obtaining a portion of 
fresh ligamentum nuchae of a giraffe, so that my 
specimens are defective in not exhibiting the bioplasm 
of this particular form of yellow elastic tissue. 

List of Miceoscopical Specimens illusteating 
Lectueb VI. 

No. of diameters 

No. magnified. 

87. Simplest form of connectiTO tissue ; lamb,, at a very 
early period development, showing bioplasm 

and tissue 215 

38. Simplest form of connective tissue ; human subject, 
at a very early period of development, showing 
bioplasm and tissue ^ . . . . . . . 215 

89. Tendon at birth, showing rows of oval masses of bio- 
plasm very near to one another 215 

40. Tendon; old man, ago 74, showing rows of oval 

masses of bioplasm, separated from one another 
by much tissue . . . . . . . . 

41. Tendon ; Idtten at birth, and adult cat , • • , 


215 

215 
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No. of diameters 

No. ^ magnified. 

42. Yellow fibrous tissue, showing oval masses of bioplasm 215 

43. Yellow fibrous tissue ; lig. nuchee giraffe, showing 

transverse markings . . . . . . • • 215 

44. Junction of fibrous tissue and cartilage, frog ; show- 

ing bioplasm of both tissues 215 

45. Fibrous tissue of tlie cornea, rabbit ; showing stel- 

late masses of bioplasm which anastomose with 
one another in many situations 215 

46. Bioplasm of growing fibrous tissue ; green tree frog 215 
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LECTUEE VIL 

Oa/rtilage — Of “ Oelh ** and InUrcellula/r Substance ” 
— Formation of Olusters of Bioplasts — Outline of the 
Cartilage Cells’^ — Ohanges in the Mahix after its 
formation — Junction between Tendon and Cartilage — 
Of the formation of Septa or Partitions between the 
Bioplasts — Division of Bioplasm of Cartilage — Ques- 
tio.u of Cell-wall,'^ Cell Contents^'* 4*^., in Ca/rti- 
lage — Ferichondri/um — “ Cellular Cartilage from 

" Mouse'* 8 Far — Spongy Cartilages — Fibro- Ccurtilage 
— Chomges in Bioplasm of fully formed Cartilage — 
Changes in Disease — Adipose Tissue — Fatty Matter 
— Formation of Adipose Tissue — Bioplasm^ of the 
Fat Vesicle — FaMy Dege^ieration — Of the removal of 
Adipose Tissue, and the absorption of Fat — Abncrrmal 
development of Fat. 

108 . Of cells and. intercellular sniistance. — It lias, 
indeed, been maintained, and tbe doctrine is still 
widely taught, that the connective tissues form a class 
by themselves, and consist of cells or cell forms em- 
bedded in an intercellular substance. The formation of 
the “cells” and the production of the “intercellular 
substance” are supposed to be distinct operations. 
But it has been distinctly proved that in this, as well 
as in all other textures, masses of bioplasm (the so- 
called cells) existed before any vestige of the inter- 
cdlular substance was to be demonstrated, and that 
the “intercellular substance” is formed from the bio- 
plasm. The connective tissues include the various 
forms of connective and fibrous tissues, cartilage, and 
bone. The matrix of cartilage is, however, no more 
Mereellular than the walls of epithelial cells are inter- 
cellular. The relation of the so-called cells to one 
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another, and to the cell wall, or intercellular sub- 
stance in the two tissues respectively, will be at once 
understood if we call to mind the fact that each mass 
of bioplasm produces upon its surface the iissue, be it 
termed ma^naj, cell wall^ or intercellular substance. This 
tissue accumulates between the several masses of bio- 
plasm. ^Tow, even in epithelial textures, at an early 
period of formation, the formed material does exist as 
a conunuous mass, which occupies the intervals be- 
tween the several masses of bioplasm, and exhibits an 
arrangpment similar to that which is met with in adult 
cartilajre and fibrous tissue ; but as the growth of the 
epithelium advances, the portion of fohned material 
belongiig to each mass separates from its neighbours, 
and tlips “ cells ” of epithelium result. I havfP 
figuredla. good specimen of this in “ Protoplasm.’’ See 
also thpipecond part of the “ Physiological Anatomy.” 
The main difference, therefore, between adult cartilage 
and lulV formed epithelium is at once perceived* for 
in the tortilage each “ cell is not marked off from 
its neighbours, but is represented by a mass of bio- 
plasm, ibclading a proportion of the so-called matrix, 
or intercellular substance arot^nd'it, while in epithe- 
lium each separate bioplast is invested with its layer 
or capsule of formed matrix. Some forms of carti- 
lage are( however, really composed of “ cells,” which 
may bo separated from one another just as in epithe- 
lium. The distinction, therefore, which has been 
dra|^ between different tissues, based upon the pre- 
sen(5e or absence of “cells” in the^ fully-formed tex- 
tuii, cannot be sustained, and the classincation as epi- 
theual and connective tissues breaks down. 

1B9. Cartilage. — I proposb now to refer to cartilage^ 
a tpue which possesses many points of interest, and 
whjch has formed the subject of many an anatomical 
coiroversy. It is generally stated that cartilage is com- 
poM of “ceZte ” and “ intercellular s^ubstimcey' and that 
th^ latter is formed and deposited in the intervals be- 
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tween the former, the cells being embedded in the so- 
called intercellular substance as bricks are embedded in 
mortar. (§111.) No one, however, who has examined 
cartilage at the different periods of development can 
accent this doctrine, for he will find that, in its embryo 
condition, cartilage, like other tissues, consists oiily of 
spherical masses of bioplasm, around each of which is 
the merest trace of soft and delicate formed material. 
The bioplasm is in direct continuity with the formed 
material of the matrix, and in some forms of cartilage 
from the frog the passage of the living formle^ mat- 
ter into the formed material can be most po^tively 
deMonstrated. As the cartilage advances in develop- 
ment it will be found that the formed material bbtween 
masses of bioplasm increases in proportion, )so' that 
if several specimens of the same kind of cart^age be 
taken from the same part of the body of tie same 
species of animal at different ages, and examined, 
it ^i]\ be found that the proportion of tooplasm 
corresponding to a given bulk of cartiaginous 
tissue gradually diminishes as the tissue sldvances 
in age. In specimens of the sternal cartilagl) of the 
kitten at birth, of * the cat at six. weeks and at three 
months old, and of the full-grown animal which 
have been prepared, the facts just referredl to are 
clearly demonstrated. The equable increasi of the 
cartilaginous tissue in all directions is efiec\ed, and 
the expansion of the whole, without folding, crutnp- 
ling, contraction, or stretching of any part, is beatiti- 
fully provided for.^ 

190. Formation of clusters of bioplasts In ca[tl« 
laoe. — In those specimens of cartilage in which elch 
individual mass of bioplftsm divides so as to prod ice 
clusters of four or more, and these again divide to 
produce secondary or tertiary clusters, it wiU be 
found that the quantity of formed material betw en 
the primary clusters is greater than that between he 
secondary ibid tertiary clusters, a fact which receij’es 
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ready explanation upon the view of the formation of 
cartilage which I have taught. As growth proceeds, 
the deposition of cartilaginous tissue takes place more 
slowly, while, by the condensation of that which has 
been already formed, room for the addition of new 
tissue is obtained. As the cartilage approaches its 
fully formed state, the tension resulting from the 
deposition of new tissue containing much fluid imnie- 
diately around the bioplasm gives rise to a slight 
difference in refraction of the formed material in this 
situation, and it appears glistening and more trans- 
lucent than the tissue generally. 

I'll. “ Outline ” of the cartllagre “ cell.” — It ^ot 
unfrequently happens that, in adult cartilage, the 
bioplasm becomes detached from the formed material, 
and appears as a spherical or oval body with a dark 
outline, lying in a cavity (vacuole or closed space) in 
the so-called matrix of the cartilage. The surface of 
the mass of bioplasm may afterwards become fuHher 
condensed, and thus result^ the appearance which 
has led many to the conclusion that a true cell wall 
or cell membrane encloses the remains of the bioplasm 
of the cartilage. The examination of old cartilage in 
which these changes have occurred has led many 
observers to infer that complete “ cells ” occupied 
spaces scooped out in the matrix, while others thought 
that these cells were first formed, and the matrix 
deposited from the blood in the intervals between 
them independent of any cell action whatever. 

192 . Ciianses In matrix after its formation. — ^Afber 
cartilage tissue has been formed it often undergoes 
a certain amount of change. A fibrous appearance 
sometimes arises in that part of the matrix which 
was first formed. This probably depends upon con- 
traction taking place in the oldest part of the formed 
material, but in certain forms of cartilage fibres are 
developed from distinct masses of bioplasm lying in 
the interspaces between those which are termed the 
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cartilage cells. These masses of bioplasm are often 
so very small that their presence has been entirely 
overlooked. Certain forms of cartilage are prone to 
undergo other changes after their formation is com- 
plete. Among the most important of these is the 
deposition of granules of calcareous matter in the 
substance of the matrix. § 208. 

Its. Junction between cartilage and tendon, — 
Wherever different tissues are connected with one 
another, the formed material of the one passes by 
continuity of structure into that of the other. This 
poipt'ls well seen in the case of cartilage and tendon. 
The fibrous tissue of the tendon gradually shades 
ijito the apparently homogeneous matrix of the car- 
tilage. In some of my specimens striped muscle is 
seen to pass into the tendon, and the latter into 
cartilage, by continuity of tissue. In each of these 
thrqp textures we observe masses of bioplasm bearing 
precisely the same general relation to the formed 
material of the respectiw tissues, although these differ 
from one another so very much in physical properties, 
chemical composition, structure, and action. 

194. Of tbe formaflon of the septa or partitions 
between the bioplasts. — The formation of the so-called 
septa between the cells or masses of bioplasm has 
been explained in different ways. Instead of the 
bioplasm being considered as the active, growing, 
living, part of the cartilage, it has been supposed that 
the formed material extends itself inwards into it, and 
divides this living, growing substance into two or 
more parts ; but it need scarcely be said .that matrix, 
like other kinds of formed material, is perfectly pas- 
sive : it may be added to, but it has no faculty of 
formation, nor can it move. Virchow says that the 
capsule of the cartilage cell sends in septa, which 
serve as new envelopes for the young cells, yet in 
such a way, that even the gigantic groups of cells, 
which proceed from each of the original cells, are 
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still enclosed in the greatly enlarged parent capsnles.” 
Against this theory, I have endeavoured to prove 
that the matrix or intercellular substance with the 
membranous capsules of the cartilage cells is perfectly 
passive, and possesses no such capacity of extending 
itself. Like the cell-wall of a spore of mildew, to 
which it corresponds, it does not possess either 
moving or formative power. It has been produced ; 
it has been formed ; but it cannot fornix It may be 
added to, but it cannot increase or build itself up out 
of pabulum. It may be moved, but it cannot move 
of itself. The outer capsule of the mildew, nfivgr 
possesses inherent powers of’ growth. It is the 
bioplasm which is alone concerned in the growth of 
the plant. § 94. So also in cartilage, the matrix' 
is passive. The bioplasm only possesses active power. 
The septa do not extend themselves in, or grow in, but 
the material of which they are composed results fi^i^m 
an alteration taking place upon the surface, that is in 
the oldest part of the bioplasm^ In the same manner, 
the bioplasm when enclosed may divide, and produce 
formed material on its surface. It is in this way 
that the appearance of secondaiy and tertiary septa 
results. 

195. The Bioplasm can he seen In process of divi- 
sion. — It is very surprising that Virchow’s view 
should still be entertained, because any one can so 
easily demonstrate that the bioplasm always exists 
before the formed material is produced, and that the 
latter is never found without the former having been 
present. In a specimen I possess (Prep. 12, Lect. 
IV, p. 62), some masses of bioplasm are actually seen 
in process of dividing. They nave been stained with 
carmine, and have been preserved while they were 
undergoing the change in question. In one there is 
a deep fissure, but in a neighbouring mass there is a 
mere indentation on one side, indicating the spot at 
which the division is about to occur. Any one who 
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examines these specimens will, I think, feel satisfied 
that the process does not differ essentially from the 
change which occurs in the amceba and the mucus 
corpuscle when these masses of bioplasm undergo 
division ; while I am quite sure no one would main- 
tain that the appearance results from the ingrowing 
of the matrix or formed material of the cartilage. 

1^6. (luestion of cell-wall and ceU-contents. — It is 
certain that the matrix of cartilage is never produced 
without the masses of bioplasm, nor can it increase, 
except by their agency. In disease change is ob- 
served in the rate of growth of the bioplasts. After 
the matrix has been produced many of the bioplasts 
die and disappear, but in growing cartilage they are 
invariably present. In recent growing cartilage 
there is no appearance of a cell- wall distinct from the 
matrix, as some maintain, nor is there an interval 
between the living matter and the matrix, unless 
po*s*t-mortem changes have occurred. The first, in 
fact, passes unintorrapf^<?dly into the last. The ragged 
outline of many of the masses of bioplasm observed 
in the case of the cartilage from the frog shows that 
the terms “ cell ’’ “ nucleus,” “ cell contents,” or “ gra- 
nular corpuscle,” are totally inapplicable. It is clear 
that around such masses there can be no cell- wall. 
The bioplasm gradually heconies the matrix, and all 
matrix was once in the state of bioplasm. Without 
bioplasm there can be no cell-wall or intercellular 
substance. In this, as in other cases, pabulum is con- 
verted into bioplasm by pre-existing bioplasm, and 
this last, is at length converted into formed material, 
be it fluid or solid, cell-wall, secondary deposit, or 
intercellular substance.' 

We shall find, when we come to consider the struc- 
ture of bone, that the first deposition of calcareous 
particles takes place in the formed material at a 
point midway between the masses of bioplasm — that 
is, in the oldest jportion of the formed materiaL The 
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deposition of the calcareous matter can be explained 
by physics, and can be imitated out of the body, but 
the matrix which is formed cannot be produced 
artificially. This last results from changes which oc- 
cu^ed while the matter of which it consists was in 
the state of living matter, or bioplasm. 

Perlchondriuin of cartllaipe. — The external 
limitaiy structure of membraniform cartilage called 
perichondrmm is distinctly fibrous, with elongated 
masses of bioplasm here and there which were con- 
cerned in its formation. Beneath the perichondrium 
are larger masses of bioplasm, which assume Acye 
and more the character of those belonging to cartilage 
as we recede from the surface. It is immediately 
beneath the perichondrium in growing cartilage thhlt 
the chief multiplication of Ihe masses of bioplasm 
takes place, and masses which at one time belong to 
the perichondrium, at a later period are surrounded 
by the cartilage tissue which they have gradually 
produced. Hear the surface of the perichondrium 
the vessels and nerves are distributed. It is only 
when cartilage is very thick that vessels are found 
distributed in its substance. 

Cellular cartllagre from the 9Iou8e*8 ear. — 
Some forms of cartilage are said to be destitute of 
matrix or intercellular substance, and to consist of 
“ cells ” only. The thin part of the ear of a young 
white mouse ^ill afford a good example of what has 
been termed purely cellular cartUa,qe. Very young 
cells or elementary parts may be seen in the course 
of formation. The bioplasm of these is very distinct, 
and lies upon the surface of the formed material, 
which is seen as a vesicle of delicate transparent 
tissue. This form of cai'tilage is formed somewhat 
differently from ordinary cartilaginous tissue, for the 
formed material corresponding to each mass of bio- 
plasm is distinct from that of adjacent masses. 
Instead of expanding uniformly in all directions as it 
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grows, it forms a thin lamina which increases quickly 
in extent by the formation of new cells at its free 
edges. Its increase in thickness is very slight in 
comparison with its increase in extent, and takes 
place very slowly. 

198. Spongy cartllaffet. — In the spongy cartilages, 

as, for example, the epiglottis and some of the other 
cartilages al^ut the vocal apparatus, are many fibres 
which possess the reaction of yellow elastic tissue. 
Of these many are very fine, and so arranged as to 
form the boundaries of oval spaces, in each of which 
a mass of bioplasm is lodged. This is often angular, 
and from the angles, delicate fibres may be traced, 
which are at length lost amongst the plexuses of 
those which form the tissue itself. It is probable 
that these masses of bioplasm slowly move round the 
cavity, and form the deUcate interlacing fibres which 
accumulate, and constitute the elastic walls of the 
oval and circular spaces characteristic of this form of 
tissue. „ 

Few who have not examined sp '^'mens prepared 
according to the method I have described will, I fear, 
accept the view of the structure and fc mation of the 
tissue here given. It is strongly opposed to the doc- 
trines generally taught, which have been arrived at 
from studying sections immersed in water, serum, or 
other limpid fluid, in which however it is not possible 
to discern the real arrangement of the%lements of the 
texture. 

199. Flbro-cffitllaffe. — Although this tissue, in its 
fully developed state, diflers remarkably in structure 
and properties both from fibrous tissue and cartilage, 
at an early period of development some forms of it 
could not be distinguished from embryonic cartilage. 
The fibro-cartilage of the vertebral discs, at an early 
period of formation, approximates very closely to 
certain forms of fibrous tissue. In all cases bioplasm 
takes part in the formation of the fibrous-like 
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tissue and the transparent cartilaginous matrix. 
The former does not result from the latter, nor are 
the two kinds of tissue produced by the “ differentia- 
tion of an originally homogeneous plasma, as some 
have supposed, nor is the fibrous tissue the con- 
sequence of a process of “fibrillation^* occurring in 
a previously transparent cartilage matrix. If this 
complex tissue be studied at different periods of 
development in specimens prepared according to the 
method I have described, it will be found that the 
mode of its formation differs in no essential par- 
ticulars from that which obtains in the case of many 
other textures which we have already considered. 
Why some of the masses of bioplasm produce the 
peculiar substance we know as cartilage, and otkeffe 
give rise to that called fibrous tissue, is a question 
which cannot be satisfactorily answered. We are 
equally incompetent to tell why some masses of 
bioplasm form muscle^ others nerve^ others ejpitheRvm, 
and so forth. 

180. General considerations with reference to the 
formation of tissue.—It is very important to ascer- 
tain if the different kinds of tissues are formed 
according to one general principle, or if the processes 
w^hich lead to the production of tissues differing 
much in structure, composition, and function, are 
essentially different in their nature. There is good 
reason for thinking that the conditions present exert 
a certain influence upon the formative process, because 
the formed material resulting varies to some extent if 
the conditions under which its production takes place 
be modified. But, on the other hand, it is quite certain 
that no conceivable alteration in external conditions 
will cause the bioplasm which was to produce muscle 
to give rise to nerve, cartilage, or elastic tissue. And 
yet each of these kinds of bioplasm, instead of pro- 
ducing its characteristic formed material, might, if 
the conditions were modified, form connective tissue 
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instead. Altered conditions may cause a given kind 
of bioplasm, which, under favourable circumstances, 
would form a high tissue of a special kind, with 
peculiar properties, to produce a low, simple kind of 
connective tissue; but under no circumstances do 
altered external conditions determine the production 
of a texture higher than that which the bioplasm was 
destined to produce originally. The formative powers 
of bioplasm will readily deteriorate or retrograde, but 
will never advance under the influence of altered ex- 
ternal circumstances. 

181. Changes occurrivi? In the bioplasm of fully 
formed cartilage. — The formation of matrix or tissue 
continues even in adult cartilage. Although the 
^tire mass may undergo no alteration in size, hew 
tissue is produced to compensate for the shrinking 
and condensation, which the tissue undergoes as it 
advances in age. Slowly indeed are these ehanges 
cabled on, because the “matrix” is very slightly 
permeable to fluids. !l^ut the bioplasm still has the 
fower to grow rapidly, and it will do so if the matrix 
becomes more permeable, or if the access of the pabu- 
lum to the bioplasm ,is facilitated by artificial means. 
As in other cases the rapidity of the growth of bio- 
plasm simply depends upon the supply of pabulum. 
Let a thread be passed through A healthy cartilage, 
so as to make artificially a channel by which the 
pabulum may reach the bioplasts more quickly, and 
the operation will be very soon followed by their in- 
crease in size, *^division, and multiplication. The 
formed material in their immediate n,eighbourhood 
will be soften^ and otherwise altered. 

Fatty matter is very often deposited by the bio- 
plasm of cartilage. In some cases, the cavity in the 
matrix of the cartilage seems to be entirely occupied 
by the oil globule or globules. In the cartilage of 
the ear of some of the smalls animals which are fat 
and well fed, the so-called cartila^ cells appear to be 



ADIPOSE TISSUE. 


occupied by globules of fat as large as those which 
are enclosed in the fat vesicle. The process can 
hardly be regarded as morbid, unless the formation 
of adipose tissue itself is looked upon as pathological. 
In this as in many other cases, it is impossible to 
draw a line between physiological and .pathological 
changes. 

182 . In disease the bioplasm of cartilage, being 
supplied with an undue proportion of pabulum, in- 
creases. The formed material becomes softened owing 
to the altered characters and increased proportion of 
fluid which traverses it. ^^he bioplasm may teven 
appropriate the formed material itself, as we fothid 
happened in the case of the formed material of 
mildew, epithelium, and other kinds of this substaaec: 
The increased access of pabulum continuingi the^ 
masses of bioplasm may at last multiply to such an 
extent as to form a very soft pulpy texture quite 
unlike cartilage, or they may divide and subdfiride- 
with still greater rapidity, ^o as to produce pus. 
These changes are not explained by ‘what is called 

irritation,^* nor are the cells '^stimulated** to take 
up more nutrient matter within a given period of 
time than in the normal state, but the alteration 
depends simply upon the restrictions to the access of 
the pabulum to the bioplasm having been to some 
extent removed. 


Adipose Tissue. 

It will be convenient in this place to refer briefly to 
the structure and mode of formation of a tissue wmch 
diflers much from any of those alr^y considered. 
Adipose tissue is made up of capillaries and cells, or 
vesicles containing fatty matter and the bioplasm by 
which both the walls of the vesicle and the fat itself 
were formed. This adipose tissue is generally found 
associated with the areblar or connective tissue; but. 
constituting the medulla of b^^iis, as will b^ described 

K 
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in the next lecture, we find adipose tisstte with a 
mere trace of connective tissue. 

188. States In which fatty matter exists In the 

hody. — But before I describe the characters of the 
fat tmue^ it is desirable to refer briefly to tlie different 
forms or states in which fatty or oily substances are 
found ; for fat exists in the body of man and in the 
higher animals in several different states. 

In the first place, there is scarcely a fluid or tissue 
in the organism of any animal from which more or 
less fat cannot be extracted by careful analysis. 
Secctidly, every form of bioplasm ‘yields a minute 
qiiantity of fatty matter. Thirdly, in many parts of 
the body, little particles (globules and granules) of 
VaOinal flit can be seen by the microscope. Such 
globules are present in immense numbers in eveiy 
kind of milk. They are to be detected in the epi- 
thelial cells of the sebaceous glands. Oil globules 
arc^embedded in the mucus of the air passages, and 
are to be detected in the liver cells of all animals, 
while in some cases the liver cells seem to consist 
almost entirely of fat. In disease every tissue in the 
organism may be the seat of deposition of globules 
of fatty matter. But, lastly, fatty matter, and of a 
particular kind, is formed by special bioplasm. It 
forms the chief constituent of a most important, 
tissue, adipose tissve, which accumulates in many 
parts, filling up interstices between the muscles and 
forming, at least in the infant, a tolerably even layer 
beneath the skix of the body. This layer of sub- 
cutaneous adipose tissue varies however in thickness 
in different parts and at different ages. In some 
few situations particularly where the skin is very 
movable over the tissues beneath, as the skin of the 
eyelids, there is no adipose- tissue at all ; or, in other 
.words, the areolar or connective tissue in the meshes 
of which the adipose tissue is usually contained, is 
in this and spme other situations, destitute of that 
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tissue. I'at is a bad conduotor of heat, and many 
animals much exposed to arctic cold are remarkable 
for the very large quantity of adipose tissue which 
sei^ves as a protective covering. In hybernating 
animals large quantities of adipose tissue are found 
just prior to the commencement of the winter sleep. 
The fatty matter during hybernation is slowly taken 
up by bioplasm and gradually changed, being pro- 
bably at last got rid of as carbonic acid and water. 
By the slow oxidation that takes place, the slight 
amount of animal heat required during this period of 
total inactivity is developed. . 

194. Development of heat by oxidation of fat.^ 
It is generally supposed that the development of heat 
is occasioned entirely by the disintegration of iotf 
the oxygen nniting with the carbon, and a propor- 
tionate quantity of carbonic acid being thui^ formed. 
But it may be fairly questioned whether the high 
temperature of the warm-blooded animals can be*at- 
tributed solely to the conibi^ption of fatty material, 
seeing that in many conditions in which the tempe- 
rature rises many degrees above the normal standard 
within a very short period of tiipe, the oxidising pro- 
cess is completely at fault, and the quanity of oxygen 
consumed is actually less than in health. The largo 
amount of fat existing in every form of nerve tissue 
clearly indicates that the action of the nervous system 
80 essential to the maintenance of life is in some way 
dependent upon the due supply of a sufficient quan- 
tity of nutrient material containing the elements from 
which fat may be formed, and there can be no doubt 
that of the fatty matter taken in the food a consider- 
able proportion is appropriated by the Bioplasm of the 
nerve textures. 

1D&. The formation of aOipose tissue. — The process 
of formation of adipose tissue may be well studied in 
the embryo of any vertebrate animal. Long before 
fat is actually produced, the embryonic matter (bio- 

K 2 
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plasm) 'which is to take part in its formation can be 
distinguished from that which is to give rise to other 
textures. The several stages through which adipose 
tissue passes in its development may he as clearly 
made out in any young mammal at the time of its 
birth as during the earlier periods of its development. 
Kay, in certain cases it may be studied in an em- 
bryonic condition even in the adult. Excellent spe- 
cimens which illustrate every stage of the process may 
be obtained easily from the areolar tissue under the 
skin of some parts of the body of the fully formed 
frog. 

186. Of the tflatrihutloii of blood to adipose tissue. 

— A tissue which undergoes great alterations in volume 
‘WO!=quickly as this, ought to have a very intimate re- 
lationship to the blood from which it derives the 
elements entering into its composition; This is, 
indeed, the case, for adipose tissue is very largely sup- 
pliSd 'with blood, and in corpulent persons who make 
fat fast, the greater part of the blood of the body is 
probably distributed to the adipose tissue, and other 
tissues and organs may even suffer in nutrition. The 
muscles may become., weak, and waste, and the nerves 
be impaired, o-wing to the nutrient material of the blood 
being unduly appropriated by the bioplasm of the 
adipose tissue. 

181. Vessels. — Arteries, capillaries, and veins, are 
developed pari passu 'with adipose tissue. And there 
is not an instance among vertebrate animals of the 
occurrence of adipose tissue destitute of vessels. The 
vascularity of the medulla or marrow of bones is re- 
markable. The rate at which adippse tissue grows, 
in certain cases, is vei^ striking, and probably the 
animal in which it is produced most quickly is the 
well bred young pig, whose adipose tissue doubles in 
weight in the course of a very few weeks. In the 
meshes of the capillary network of very young adipose 
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aare csoncemed in the production of &t. These are, 
indeed, at a very early period in contact with the 
extern^ surface of the vascular wall. It certainly is 
not* possible to determine by any appearance mani- 
fested by the numerous bioplasts in the immediate 
neighbourhood of the vessels, which of them are to 
take part in the development of new capillaries, and 
which are to become connective tissue or fat. The 
capillariies themselves multiply as the adipose vesicles, 
grow, and the vascular network increases as in other 
situations, by the extension of bioplasts in a loop-like 
form from the capillaries already existing. • ^ 

18 S. Of the changes In a single fat veslele. — The 
changes taking place in the development of an indi- 
vidual adipose vesicle may be thus described. At firfftT 
all that is to be discerned is the small oval or spherical 
mass of bioplasm or living matter, which is perfectly 
naked, that is, it is entirely destitute of a cell wall. 
This little bioplast usually exihibits one or more nW 
centres of development (nuclei) embedded in it. The 
formation of the fatty matter occurs in this way : — 
in the very substance of the bioplasm, but always out- 
side and away from the new centre or nucleus, a little 
oil globule makes its appearace. It results from 
changes in the living matter itself. A portion of the 
bioplasm dies, and among the substances resulting 
from its death is fatty matter, which being insoluble 
remains, while the soluble substances which are also 
formed, are carried away in the blood. Starch globules 
and other secondary deposits formed^ the interior of 
elementary parts are produced in the same manner by 
the death of the bioplasm (§§^127, 128). The fatty 
matter does not come from the blood as fat, and de- 
posit itself in the cell, nor is it formed by the collec- 
tion and aggregation of excessively minute granules, 
which traverse the vascular walk suspended in serum, 
as some have taught ; nor is it precipitated from the 
nnirient fluid after the manner of crystals. But it 
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iiiYsriably results from the transformation of Uvm^ 
mdtter. JOiffetmt hinds of living matter, as is well 
knowny 'produce different kinds of fat. The properties 
and composition of fat in different animals differ, be^ 
cause the powers of the bioplasm or living matter of 
each animal are so different. 

190. Belatlon of tbe flit to tlie OlopUisiii. — In my 
lectures at the College of Physicians, in 1861, 1 show^ 
^e precise relation which the oil or fat bears to the 
included nucleus or mass of bioplasm, and I pointed out 
that the fat of the fat cell and the starch of the starch 
crfl Vere formed by the hioplasm itself (§§ 127, 128). 
Nevertheless, some who have written since have 
affirmed that we still remain completely ignorant of 
relation between the fatty matter and the bio- 
plasm of the cell. By aid of the plan of preparation 
adready referred to, the change in amount of the bio^ 
plasm and its relation to the fjormed fatty matter may 
be 'so accurately demonstrated in cells at different 
stages of development tjiat it seems to me not a doubt 
remains concerning the mode of formation of the fat, 
and the true relation which the bioplasm bears in all 
cases to this substance. 

190. Of tne oU ffidmle of fflie fkt vesfcle.-- The 

little globule of fat having been once formed in the 
substance of the bioplasm, may increase in size by 
the addition of new particles to it, nntil the globule 
becomes larger and larger, being at last, perhaps, fifty 
times the size of the bioplast that remains, or the 
number of globifies may increase until a compound 
mass, consisting of hundreds of separaite little oil 
globules, results. In most mammalia, and in man, the 
globule is single, but in*' some of the reptiles (lizard, 
snake, chameleon) the fht cells In many of the tissues 
Gonsisb of numerous separate oil globules, almost 
uniform in size. And in some parts of the orgaxr'sm 
of some mammalia (rat, mouse), and even in certain 
cases in man himiSelf, the same fret has been noticed. 
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In insects the “fat cells ” are often of enormous size, 
consisting of aggregations of very small oil globules, 
which collect around the mass of bioplasm that has 
taken part in their production. In the livers of many 
fishes, particularly the eel, a somewhat similar ar- 
rangement may be observed. In these cases the 
nutrient matter passes in the interstices between the 
already formed oil globules to the bioplasm in the 
centre. The circumferential portions of the latter 
d.ie, and undergo transformation into fatty matter 
which is deposited within that already produced. 
The globules on the outside pf the cell or those on its 
surface are therefore the oldest. * 

191. rormatton of tbe cell wall of the adipose 
vesicle. — At the same time that the oil globule de>per- 
sited in the bioplasm of the developing adipose tissue 
increases, a change of another kind is taking place 
upon the surface of the mass. The living matter in 
this situation dies and becomes changed, so dih to 
form a delicate transparent ^stmctureless memhraney 
which increases in extent as its contents become aug- 
mented by the absorption of nutrient material into 
the included bioplasm. The so-called wall of the 
adipose vesicle is therefore formed in accordance with 
the mode of production of formed material general^. 
But the wall of the adipose vesicle is of excessive 
tenuity, and readily permeable to fluid in both direc- 
tions, so as to allow for the very free passage of nu- 
trient material to the bioplasm in thei interior, and 
that of fluid resulting from the changes of the bio- 
plasm in the opposite direction towards the blood. In 
this way the rapid increase and removal of adipose 
material is rendered possible*. 

192. Is adlpese tissue oitlv latered eonneetive 
tissue 7 — Some observers, consider that the adipose 
tissue is not a distinct texture at all, but hold that 
the fat cell is invariably developed from the corpusclea 
of connective tissue — view which is certainly 
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erroneons, for, in many cases, at an early period of 
development, collections of bioplasts can be detected 
without difficulty, in relation with which not a trace 
of connective tissue can be found. Around the vessels 
of the mesentery of young animals the bodies in ques- 
tion are seen as well as the corpuscles of the connective 
tissue of the mesentery, but quite distinct from them. 
While, therefore, it is certain that the bioplast of the 
connective tissue corpuscle, of cartilage, and of some 
other elementary parts, may be transformed into fat 
cells, it is also an unquestionable fact that, in the de- 
velopment of adipose tis^e, special bioplasts are con- 
ceAied which are quite distinct from those engaged in 
'the formation of connective tissue. The bioplasm of 
c«p4ilage in highly fed animals often produce? oQ 
globules which accumulate in the so-called cartilage 
cell, and the bioplasm becomes pushed on one side, 
and so compressed that it may entirely escape nfttice. 
§ 181. In the young mouse such a change is com- 
monly observed, and ,not unfrequently, the fat 
accumulates to such an extent that the tissue might 
almost be described as adipose tissue, in which the 
ordinary vesicle or cell wall is replaced by firm car- 
tilaginous texture. Each spherical capsule of cartilage 
tissue is occupied by a large oil globule, between 
which and the inner wall of the capsule the remains 
of the bioplasm that has taken part in the formation 
of both fat and cairtilage may be distinctly seen if 
the specimen has been properly prepared by previous 
soaking in carmint fiuid, § 68. 

108. Fatty degeneration. — That condition which is 
termed fatty degeneration of the liver, and which is 
very common in consunSiptive patients, also affords a 
good illustration of the changes which occur when 
fkt is formed. To such an extent does the change 
sometimes proceed, that a section of the fatly liver 
could not be distinguished from certain forms of 
adipose tissue. Kot a particle of biliary colouring 
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matter or other evidence by which the real nature of 
the tissue may he identified remains. In some adnlt 
fishes this is the ordinary condition of the hepatic 
organ, and without great care in the preparation of 
specimens, not d vestige of hepatic tissue will he dis- 
covered. In all these instances, however, the stages 
through which the gland-elementary part passes may 
he stuped without diflSculty, and specimens may he 
obtained which show every degree of alteration, from 
a transparent elementary part, completely destitute 
of fatty matter, to a body which appears to consist 
only of a huge oil-globule. It is surprising, how 
large an accumulation of fat may occur in the li^’er 
in some of these cases. As much as 66*19 per cent', 
was found by me in one case, recorded by^TV. 
Budd.* 

104. Of the removal of adipose tissue and the 
absorption of fat. — Not less interesting than the 
consideration of the mode of development of adipose 
tissue is the question concerning the manner in which 
its removal is effected. It is well known that large 
quantities of fat which have been stored up in the 
body and have been collecting for a considerable 
time, may quickly disappear, in consequence of the 
fat being absorbed, and its elements applied to assift 
in the nutrition of tissues whose waste could not 
occur without consequences very damaging to the 
organism, and in maintaining the requisite tempera- 
ture. The adipose tissue may, indeed, be regarded 
as a sort of storehouse, in which fat is accumulated 
as long as the body is abundantly supplied with food, 
from which it may be removed and appropriated, 
should a period of scarcity occur. In the winter, 
when the fat of the fat bodies of the frog are being 
absorbed, the bioplasm of each vesicle can be seen 
spreading around the fatty matter, which gradually 

* Diseases of the Liver,” 2iid ed., p. 284. 
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dimmisliBs in amonnt in consequence of its conversion 
into bioplasm. On the distal side of the vesicle, 
phenomena of another kind are proceeding. The 
bioplasm is there undergoing change, and becoming 
resolved into substances, v^hich are irnfmediately taken 
up by the bioplasm of the blood and blood-vessels. 
As has been already described §§ 25 to 32, all nutri- 
tive operations are conducted through the interven- 
tion of bioplasm alone. 

105. Importance of Moplasm In effSeetlno changes. 

—As fatty matter is formed from bioplasm, so its 
remwal is efFected only yiroiigh the instrumentality 
of ^his living matter. It cannot be removed until it 
has been again taken up and converted into bioplasm. 
hf^neover, the same bioplasm is instrumental in both 
operations. In the one case taking certain con- 
stituents from the blood, increasing at their expense, 
and then undergoing conversion into fatty and other 
matfers. In the other, growing at the expense of 
this fatty matter already produced, and becoming 
resolved into substances which find their way back 
again into the blood, and which are at length appro- 
priated in part by other forms of bioplasm of the 
body. This view has been recently confirmed by 
Czajewicz, in some observations upon the adipose 
tissue of rabbits. ( Reichert and Du Bois Reymond’s 
Archiv., 1866, p. 289.) In animals which have 
become rapidly emaciated, the fat cells of the adipose 
tissue are seen to be shrunken, and, instead qf con- 
taining fatty matter, fluid, with some granules and 
one or two oil globules, are alone found. This in- 
teresting fact was first observed by Kolliker. The 
amount of fat in an indii^idual vesicle may vary from 
time to time ; — the processes of formation, and the 
disintegration of the fat which has been already 
formed, alternating with one another, 

196. Abnormal development of adipose tissue. — 

The unifonn development of adipose tissue is some- 
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times disturbed, and ia consequence of a circum- 
scribed redundant growth, a tumour of enormous 
size may result. It is not uncommon to find this 
unusual growth springing from the subcutaneous 
adipose tissue of the lim& or trunk. In one par- 
ticular spot the circumstances which determine the 
regular and even growth of the tissue are somehow 
altered, and p'owth having once burst its ordinsjjy 
bounds, continues unceasingly, and often at an in- 
creasing rate, until d tumour of largo size results. 
The structure of simple fatty tumours exactly accords 
with that of normal adipose tissue, and the anunge- 
ment of the capillary vessels is precisely the smne. 
It is possible that the formation of these tumours 
may be due to the circumstance of a collectiesi Kif 
bioplasm which would, under ordinary conditions, 
form a lobule of ordinary adipose tissue, being dis- 
placed at an early period of its development. Such 
a mass of developmental bioplasm being subjectJfed to 
the influence of new conditions, might at a later period 
grow very quickly, and become the germ of one of 
these, often huge, morbid growths. Not only is the 
constantly growing fatty tumour like adipose tissue 
in its general characters, but in many instances the 
minute structure of the morbid giowth could not be 
distinguished from that of the normal tissue. 

Microscopical Specimens illtjstbatino Lecture VII. 

No. of dinmeten 

No. iiuiguified. 

47. Cartilage, mouse’s ear ; showing biojplasm and car< 

tilage 215 

48. Cartilage, rib ; very young lamb : showing multi- 

plication of bioplasm near s^aoe. . . . . . 216 

49. Cartilage, rib of kitten one*day old, and of adult 

cat; showing different proportions of bioplasm 

and formed material . . 215 

60. Articular cartilage and subjacent bone, human 

finger .. .. 130 

51. Fibro-cartilage, intervertebral discs ; kitten, one 

day old ' 215 ^ 
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No. of diameters 

No. magnified. 

62. Bioplasm of spongy elastic cartilage ; epiglottis . . 215 

53« Developing ampose tissue with Tessels injected. 

A fat vesicle with its bioplasm is situated in each 
vascular space 130 

54. Adipose tissue, showing nuclei of &t vesicles. A 

vein crosses the centre of the field, to the left of 
which is a bundle of nerve fibres 40 

55. Bat cells in different stages of development ; frog 215 

6fi.*young cells of potato ; showing bioplasm and very 

small starch granules which ha^e commenced to 

form 215 

57. Fully formed cells of potato; showing fully formed 

starch grains .. 215 
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LECTURE VIIL 

Of Bone — Oi^ganic and Inor game Matter of Bone — 
Formation ofOrgmdc Matter — Cancellated Texture a/nd 
Compact Tissue — Living Bone and dead dried Bon ^ — 
An elementary part of Bone — Livi/ng Bioplasm of Bone 
•^Lacunae and Candliculi — Lamellce — Perforating 
Fibres — Periosteum amd Med/vUlary Membrane — Forma'- 
tion of Osseous Tissue — Bioplasm of the L^unc^-zThe 
views of Kdlliker and Virchow — Changes beneath Peri'- 
osteum.and Medullary Membrane — Medulla or Marrow 
—Marrow Cells — Changes occurrimg in an Har^rsicm 
System of fully formed Bone — Of the disintegration 
and removal of Bone — Formation of primary Bone — 
Repair of Bone — Inflammation of Bone — Caries ahd 
Necrosis, 

One of the most interesting structures in the body 
as regards the process of tissue-formation is bone. 
By studying this texture at different periods of its 
development we may determine what part of the 
process is due to physical and chemical changes^ 
and what to exclusively vital actions, 

199. Organic and Inorgranlc matter of bone. — It is 
important to bear in mind that every kind of bone in 
its lifeless state consists of an organic substance which 
yields gelatin by boiling, and imorgUnic salts composed 
principally of earthy phosphates. The organic and 
inorganic matter, although intimately incorporated, 
may be separated by the action of hydrochloric acid, 
which dissolves the earthy and leaves the animal 
matter. This exactly corresponds in form and size 
to the original bone. If, on the other hand, the 
animal matter be destroyed by a red heat, the earthy 
material will also retain the original form of the bone, 
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* altboRgh in consequence of having been deprived of 
its organic matter, it will be found to be so brittle that 
it may be broken down by very slight pressure. 

198. — Formation of tfce organic matter. — The for- 
mation of the organic matter is an operation quite 
distinct from its impregnation with earthy material, 
and the first part of the process may occur without 
the last. The bone tissue may formed^ but if not 
impregnated with earthy salts, it will be destitute 
of those important physical properties for which 
osseous tissue is required. It will be so soft, that it will 
neithier support the weight of the body nor consti- 
tute a firm framework ‘^for the the attachment of 
muscles. 

. 1^0. Of the cancellated texture and compact tissue 
of bone. — In some situations bone tissue is arranged 
to form a texture exhibiting spaces or^cancelli. This 
is called the cancellated texture of bone. When 
dried, cancellated tissue exhibits a number of spaces 
like sponge, and has been termed spongy bone. In 
the recent state, however, all the spaces are occupied 
with fatty matter, traces of connective tissue, and 
vessels, except in the case of birds, in which class, 
with some exceptions, the spaces in the bones contain 
air. The bony walls of these spaces are composed of 
thin plates or spicules of osseous tissue, on the out- 
side of which vessels are freely distributed. If the 
bony walls of the cancelli become very much thick- 
ened, so as only to leave room for one vessel in the 
centre, we have approach to the other kind of 
bone tissue which is called compact tissue: This, 
however, in its perfectly formed state, contrasts re- 
markably in character lyith the spongy cancellated 
texture. The compact tissue is so firm and dense 
that you would not suppose it was traversed by 
numerous vessels which run in channels (Haversian 
canals), and are connected here and there by trans- 
verse branches, so that if the whole of the bony 
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matter were removed from the comp^t tissue, we 
should have left a web or net-work of capillary 
vessels having longitudinal meshes. 

200. Of Uvinsr bone and of dried dead bone. — The 

authors of many manuals and treatises on minute 
anatomy have described the structure not of living or 
recently dead bone, but of bone which has been dead 
for a long time and has undergone dessication. The 
student is thus led to acquire a notion of the struc- 
ture of bone as imperfect and incorrect as would be 
that which he would form of the structure of skin, 
nerve, or muscle, were he to examine dried specynens 
of these tissues only. We (ffesire to learn how tissues 
live and grow and decay in the living body ; but the 
structure of bone and teeth has been described^ not 
as it may be demonstrated in these tissues when they 
are fresh, but only, as it appears, after the textures 
have been altered by deaths and after they have been 
completely deprived of their living matter. » 

201. An elementary part of dead dried bone. — ^An 
elementary part of fully-forlned dead and dried hone 
consists of a space (lacuna)^ occupied in the recent 
state with bioplasm, and surrounded by a portion of 
hard osseous tissue which is traversed by numerous 
pores or channels (ca/iiaUculi) passing from one little 
space {lacuna) in a tortuous manner to adjacent lacunae. 

202. An elementary part of lIvlniT bone. — An 
elementary part of fully-fm'med Iwing bone consists of 
a mass of bioplasm surrounded on all sides by, and 
continuous with, a thin layer of so{t formed material, 
which passes uninterruptedly into the hard calcified 
formed material {matrix or intercellular substance of 
authors). This hard material is in the fully formed 
bone penetrated everywhere by very fine channels 
{canaliculi) through which the nutrient material 
passes towards the masses of bioplasm ; for, as the 
hard material in its fully formed state is almost im- 
permeable, nufsient fluid could not reach the bioplasm 
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were it not for these little canals or pores traversing 
its substance. . 

tAn elementary part of every kind of bone at a 
very early jperiod oj its formaUim^ consists of a mass 
of. bioplasm, surrounded by a certain proportion of 
granular, homogeneous or more or less fibrous (?) 
formed material. This last becomes the seat of 
deposition of calcareous matter, which proceeds in a 
direction irom without inwards. The .formation of 
the canaliculi takes place in the same direction. We 
shall find, contrary to the generally received opinion, 
thatUhe formation of these tubes commences not at a 
po^t nearest to the bioplasm, the so-called “ cell,** as 
has been repeatedly stated^ but at a distance from it. 
§ 208 . ^ . 

208 . lilTlns bioplasm of bone. — The difference 
between dead hone and Uvvng hone is simply this: 
in the first, formaUon of tissue has everywhere 
cea^d ; while in the last, it is still proceeding, and 
around each mass of ^bioplasm the jproductiqn . of 
matrix and the deposition of calcareous salts in the 
matrix already formed is going on. These changes 
may proceed very slowly, but in all living bone they 
occur. The only Inatter in a living bone which is 
actually alwe is that which is ordinarily termed the 
“ nucleus ** or the “ hone cell *’ in the space or lacuna, 
and which is here spoken of as the bioplasm or living 
matter. The fully-formed osseous tissue around, on 
the other hand, is to all intents and purposes, as 
devoid of life wfcile the bone yet remains a part of 
the living body, as after.it has been removed,*or after 
the body has died. This small mass of bioplasm, 
perhaps not more than dne-twelfth of the bulk of the 
proportion of bone tissue which belongs to it, alone 
possesses active powers. This only can grm and 
give rise to the formation of matrvs. Bone cannot 
jproduoe hone pny more ihsai^tendon can give rise to 
iendonf or imsch form co'hiraMe tissue, but the 
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bioplasm only is instrumental in the formation of 
every one of these tissues, and without this the pro- 
duction of tissue is impossible. 

204. liacunce and canalicull. — Masses of bioplasm 

are contained in the little spaces in the bone (lacunas), 
which are present in every kind of bone tissue, the 
distance from each lacuna bo the neighbouring lacuna 
being seldom more than inch. Moreover, each 

lacuna, is connected with its neighbours by numerous 
minute channels (canaliculi), along which fluid 
readily passes from one mass of bioplasm to another. 
Thus every part of the hard bone tissue is irrigp,ted 
with fluid, and the little channels are usually 2ot 
separated from one another by a distance greater than 
the five-thousandth of an inch, so that no particle of 
osseous tissue is removed further than half this dis- 
tance from the fluid which flows in the canaliculi. 
In the living state, these canaliculi always contain 
fluid, and this fluid is always in motion, flowing to 
ai\d from the nearest masses of bioplasm ; but if bone 
be dried, the bioplasm in thelacunse shrinks, the fluid 
in the canaliculi disappears, and air rushes in to 
occupy the spaces and canals thus formed, 

205. liameilee. — The bone tissue is so formed as to 

constitute a series of superposed thin plates called 
lamellae. These are concentrically arranged round 
the vessel in the Haversian canal, and in section they 
appear as concentric lines one within the other. 
There are lamellae immediately beneath the periosteum 
and medullary membrane, whicl^ extend uninter- 
ruptedly for a great length, or entirely round the 
bone. These are called respectively the periosteal and 
medulla/ry lamellm. • ' 

206» Perforating iliires. — Dr. Sharpey has de- 
scribed, under the name of perforating fibres^ some 
peculiar processes of osseous tissue which appear to 
perforate the laminae of bone and, as it were, pin 
them together. The mode of formation of these fibres 
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has not been satisfactorily explained. They are to' be 
found by pulling asunder the sections of lamellsB of a 
decalcified cylindrical or cranial bone. From the 
circumstance that some of these fibres haye escaped 
calcification, the organic matter has shrunk in the 
dried bone,« and thus has resulted a tuhe^ which has 
been referred to by Tomes and De Morgan, and other 
observers. 

ROY* Periosteum and medullary membrane. — ^The 
compact external surface of bone (except where it helps 
to form a joint, is Covered by a firm tough membrane, 
teiyned the periosteum, which, like the perichondrium 
icivesting cartilage, consists of white fibrous tissue, 
densely interwoven in all directions, § 212. The 
cancelli are filled with fat, or medulla, the marrow of 
bone. They are lined by a delicate membrane, called 
the medullary membrane, which serves to support the 
fieit. In the shaft of the long bones the medulla is con- 
tabled, not in ordinary cells, but in one great canal, 
which occupies the centre of the shaft, the medullary 
canal. Here the medullary membrane lines the com- 
pact tissue that forms the wall of the cavity. 

Both the periosteum and the medullary membrane 
adhere intimately to the bone. Both are abundantly 
supplied with blood-vessels, which, after ramifying 
upon them, send numerous branches into the bone. 
These membranes are of great importance to the 
nutrition of the bone, inasmuch as they support its 
nutrient vessels ; and, if either of them be destroyed 
to any great extent, the part in contact with them 
necessarily perishes ; and they not only cover the 
Outer and inner surfaces of the bone, but also send 
frocesses, along with the vessels, into minute ccmaU 
traversing the compact tissue, and are, through the 
medium of these, rendered continuous with one 
another. When the periosteum or medullary mem- 
brane is tom away from the surface of a fresh bone, 
ihe- vesdels may be seen very readily passing from 
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the tmder surface of the membrane into the tiny 
channels (Haversian canals) which pass obliquely 
into the compact tissue. The vessels of the bone 
ramify throughout its substance, and if they have 
been injected previous to the removal of the cal- 
careous matter by the action of acid, they will be dis- 
tinctly seen ramifying through the semi-transparent 
animal substance. A preparation of this kind dried, 
and afterwards preserved in spirits of turpentine, 
serves beautifully to exhibit the disposition of the 
vessels in bone. 

Formation of Ossoous Tissue, 

The osseous tissue itself is formed in the same way 
in the cancellated texture and the compact tissj^e, 
and it is worth studying very carefully. The changes 
may be beautifully seen in the formation of the cranial 
bones of the frog, which continue to grow at their 
edges, even in the full-grown animal. In this struc- 
ture an opportunity is aflPorded of observing every 
stage of the process of bone* formation in a single 
specimen. At the extreme edge is ordinary cartilage, 
which gradually passes into tissue which is being 
infiltrated with calcareous deposit; and, lastly, we 
come to the fully formed bone. 

208 . Converiiiloii of carttlagrc Into bone. — At the 
outer edge where the bone is growing, we may also 
study the development of cartilage. A little further 
inwards the formation of cartilaginous tissue is com- 
plete. Passing in the same direction, we soon ob- 
serve that a change is taking place in the matrix. 
Granules and highly refracting globules have been 
deposited in its substance. The deposition of this 
material, which is easily proved to consist of cal- 
careous salts, invariably commences in the matrix at 
a point equidistant from contiguous masses of bio- 
. plasm -rthat is, in that part of the formed material 
which is, of course, most distant from the bioplasm. 
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This is the part of the^ tissue which was first formed. 
Soon each mass of bioplasm becomes snrroimded by 
a ring of such globules, some of which coalesce, but 
converging lines of matrix are always left here and 
there uncalcified, and these are traversed by currents 
of fiuid holding various substances in solution, which 
flow to and from the masses of bioplasm. The con- 
tinual flowing of the fluid prevents the precipitation 
of calcareous material in these channels, and, pro- 
bably, gradually dissolves the matrix, so that little 
canals are formed at short intervals in the calcifying 
cartilaginous tissue. More calcareous matter is de- 
posited nearer and stilf nearer to the bioplasm in the 
centre of the space, and at its outer part the bioplasm 
continues to produce more new cartilage matrix, 
which in its turn becomes impregnated with cal- 
careous salts. The little canals are at the same time 
increasing in length, although the distance from the 
centre of the bioplasm to the spot in the cartilage 
matrix where the canal began to be formed always 
remains the same. As the deposition proceeds, the 
bioplasm becomes smaller, and the space in which it 
lies is gradually encroached upon until in the fully 
formed bone it remains as a very small mass lying in 
a little cavity (lacuna) which communicates with 
neighbouring lacunaa by the little canals (canaliculi), 
the formation of which has been described. This 
view concerning the formation of lacunae and canali- 
culi is very different from that generally taught, for 
most authorities look upon the lacunae as cells^ the 
canaliculi as processes from them, and the osseous 
tissue as an intercellular substance, 

SOO. Of tbe blopl&sm of bone. — If the growing 
bone of any animal be examined, after having been 
properly prepared with carmine fluid, the masses of 
bioplasm will be demonstrated without difficulty, in 
the lacunal spaces. The fact of the presence of soft 
•matter in the lacunas of folly formed bone has how- 
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eyer been generally admitted* by anatdmists since 
1850. Under the name of “nucleus** the bioplasm 
had been observed in the lacunas of many specimens 
of osseous tissue, and Tomes and De Morgan demon- 
istrated indications of these bodies in the lacunas of 
ffossil bone, in their paper published in the Phil. 
Trans, in 1853. Subsequent investigations have 
proved that in every kind of growing bone, at every 
period of life, are numerous masses of bioplasm, with- 
out which the formation of bone tissue could not have 
taken place, and which are concerned in all the im- 
portant changes going on in i^ during life. As loflg 
as the masses of bioplasm are living, the changes 
characteristic of living bone may take place, but if 
these be dead in any part of the bone this soen 
separates from the rest, and ceases for ever to be the 
seat of vital changes- 

The masses of bioplasm are as necessary for the 
production of bone as they are for the formation bf 
every other tissue. They are pot directly concerned 
in the precipitation of the calcareous matter, but in 
their absence the production of matrix would be 
impossible. It is alone by the . instrumentality of 
these masses of bioplasm that the regular circulation 
of fluids holding in solution the calcareous salts, is 
maintained throughout every period of bone forma- 
tion. By this process the regularity in the formation 
of osseous tissue, which is so remarkable, is secured. 

The deposition of the inorganic salts is no doubt 
due to physical and chemical change ;»but the precise 
locality of the precipitation, as weU as the mode of 
deposition of the calcareous particles, is determined 
by actions (vital) of which the bioplasm or liming 
matter is the seat. 

210* Formation of lacunee. The views of KolUker 
anil Tirehow. — Kolliker considers that the capsule of 
the cartilage cell and the “ intercellular ** matrix of 
the temporary cartilage of developing bone become 
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impi^gnated with caloareons matter, while the “ gra- 
nular cell ” corresponding to the pritnordial utricle of 
the vegetable cell, remains within unaltered. He 
thinks that the canalicxtli extend through the matrix 
by “resorption.” 

Virchow says bone contains, “in an apparently 
altogether homogeneous basis-snbstance, peculiar 
stiiUate heme cells distributed in a very regular man- 
ner.” According to this view it is maintained that 
the matrix is formed as a true vntercelhJar substance, 
while from the “ cells ” it is supposed that processes 
gft)w out, and that these gradually make their way 
through the matrix and anastomose with correspond- 
ing processes from neighbouring cells. The “ lacuna” 
is«^aid to be occupied by a “cell” with “stellate 
processes ” which pass into the canaliculi. Virchow 
expresses himself very clearly as to the manner in 
which the supposed processes are formed from cells : — 
“The cartilage cells (and the same holds good of the 
marrow cells) during ossification throw out processes 
(become jagged) in the same way that connective 
tissue corpuscles, which are also originally round, do, 
both physiologically and pathologically. These pro- 
cesses, which in the case of the cartilage cells are 
generally formed after, but in that of the marrow 
cells frequently before, calcification has taken place, 
bore their way into the intercellular substance, like 
the vilH of the chorion do into ths mneoua membrane 
and into the vessels of the uterus, or like the Pac- 
chionian granulations (glands) of pia mater of the 
brain into (and occasionally through) the calvarium.” 
Again, “ the cells whic|i thus result from the 
proliferation of the periosteal corpuscles are con- 
verted into bone corpuscles exactly in the way I 
described when speaking of tlie marrow. In the 
neighbourhood of the siuface of the bone the inter- 
oellnlar substance grows dense and becomes almost 
oartilaginons, the cells throw out processes^ become 
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stellate^ aad at last the calcification of the intercellular 
substance ensues ! According to this view the cana- 
liculi are the processes of the cell which “bore** 
their way through the already calcified tissue, and in 
some unexplained mysterious manner manage exactly 
to meet the processes of adjacent cells, and become 
continuous with them. Oanaliculi, however, exist 
long before the formation of the calcified tissue is 
complete. 

There are few points in minute anatomy upon 
which such different views have been advanced as 
the one under consideration, .for observers differ dot 
only in the explanations and opinions they have pift 
forward, but there are irreconcilable differences re- 
garding their statements of fact. To assert that 
cells throw out processes is merely fanciful, for there 
are no facts whatever to justify such a statement. 
Although it has .been repeatedly stated that the bone 
^ cell ” with its canalicular prolongations may •be 
actually detached from the jnatrix into which its 
processes have bored their Tiyay, I have never been 
able to obtain any specimens which appear to me to 
justify such an inference, while I have utterly failed 
in every attempt to prepare specimens which would 
lead me to infer the existence of any grounds for such 
a conclusion. 

With regard to Virchow’s view, it may be remarked 
that although it is true that in certain cases in which 
the bioplasm is more or less stellate, the so-called 
processes project a very short distance from the mass^ 
they never, as far as can be ascertained, correspond in 
number with the canaliculi which exist in the fully 
formed bone, the latter bein^ twice as numerous as 
the processes in question. Almost any form of bio- 
plasm may exhibit this stellate appearance, but it has 
nothing whatever to do with the formation of the 
oanaliculi in bone. That part of the ca/naMculu$ nea/rest 
to the lactma is the last that is formed^ whereas if the 
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canUicTilns were a process of the bioplasm, that 
portion nearest to the bioplasm wonld be the first part 
developed. The first part of the canaliculus which is 
formed is not that which is nearest to, but that which 
is most distant from, the bioplasm, and the widest part 
of the canaliculus is always that nearest to the lacuna. 
The lacuna of young imperfectly developed bone is, 
of course, always much larger that that of the fully 
formed osseous tissue of the same animal. 

Virchow, it will be remarked ventures to say very 
little concerning the changes which result in the 
deposition of calcareous^ matter and offers no sugges- 
tion as to the nature of the process by which calcifica- 
tion is effected ; nor has he determined exactly in what 
part of the matrix the change commences. He tells 
us that “ at last the calcification of the intercellular 
substance ensues ! ” 

211 . The oflnihoots do not correspond to the eana* 
llcuHl. — The appearances which have led Virchow and 
other observers to ma^tain that the lacunro and ca- 
naliculi formed a cell w^th its offshoots, can be satis- 
factorily explained without* resorting to such a view, 
which is quite incompatible with many facts which 
have been conclusively demonstrated, while all at- 
tempts to show the supposed offshoots hormg their 
way have signally failed. The stellate appearance of 
the nucleus, which was supposed to indicate the com- 
mencement of the shooting-out operation, has nothing 
whatever to do with the formation of the canaliculi ; 
for. the “offshoots*’ never correspond in number with 
the canaliculi. Virchow, however, talks of the pro- 
cesses which are to become the canaliculi “ boring ” 
their way “through the inWcellular substance like 
the villi of the chorion do into the mucous membrane, 
and into the vessels of the uterus ” — forgetting that 
the . canaliculi exist before the formation of the so- 
called “intercellular Substance” is complete, and that 
the end of each villus of the chorion is a mass of 
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bioplasm, while nothing of the kind exists in the case 
of the canaliculi. The notion of cells shooting-ont 
processes which meet those of other cells is a most 
fanciful one, and totally unsupported by observation. 
The idea as applied to the bone-cells is purely hypo- 
thetical, and would never have been advanced had it 
not been first assumed that the lacuna with its ca- 
naliculi was a stellate cell. Such an assumption 
necessarily required new assumptions to support it, 
and so the unfortunate hypothesis of “ boring pro- 
cesses ** had to be invented. 

212. Of the changes beneath the periosteunn and 
medullary membrane. — ^The outer layers of theipe- 
riosteum exhibit a simply fibrous structure, but its 
deeper portion, which is continuous with the^bone 
tissue, has a totally different anatomical arrangement. 
Here are seen a number of elementary parts of un- 
ossified bone tissue, each consisting of an oval mass 
of bioplasm invested by a soft formed material. • The 
deeper layer of the periosteum of a young animal is 
the seat of the formation nof only of new bone but of 
complete Haversian systems. The elementary parts 
multiply, and the capillary vessels are gradually en- 
closed by the growth of tissue, which at length un- 
dergoes ossification. This process has been fully de- 
scribed by Messrs. Tomes and De Morgan. 

213. Transplantation of periosteum. — It has been 
shown by M. Ollier, of Lyons,* that if portions of 
the periosteum be transplanted to various parts of the 
organism, bony tissue will be filmed in the ^ new 
situation. This process is due to the growth and 
development of the masses of bioplasm which exist 
in such great number at •the deep surface of the 
fibrous periosteum. These grow and multiply, and 
produce formed material, just as if they had remained 
in the original seat of their development — ^a striking 
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proof that the Ici/ad of tissue formed by living matter 
depends upon Hb powers rather than upon its position 
or the conditions to which it is exposed. In certain 
forms of bone cancer very minute portions of actively 
growing bioplasm are sometimes carried to the lungs, 
and grow and multiply and give rise to bone cancer 
in the pulmonary tissue, proving that the bioplasm 
possesses the peculiar property or power of forming 
this particular tissue if supplied with pabulum. 

214. Of tlie medulla or marrow of bone. — The 
medulla of bone is a form of almost pure adipose 
tissuo, which contains very little connective tissue, 
asscfciated with it. It is a question of great in- 
terest how this adipose tissue is produced. It fills 
the mncelli, and exists in quantity in the medullary 
cavity, and is even found in large Haversian canals. 

I There is no doubt that the elementnry pai*ts which 
form at length the fat cells of the marrow, are the 
direct descendants of the bioplasts which gave origin 
to those taking part in th^ formation of the bone. In 
fact the proper marrow cells (myeloid cells) may 
become converted into bone- tissue or into marrow. 
During development, as would be supposed, these 
“ myeloid ” cells contain little or no fat, but as the 
bone attains its permanent character, many of them 
become “ fat cells ” instead of being converted into 
bone- tissue. In the majority of birds these cells do 
not form fat, but as the bones are freely penetrated 
by air, the matter which would be fat under other 
circupastances, is probably oxidised as fast as it is 
produced, and eliminated as carbonic acid. 

215. Of the marrow cells, or myeloid cells, and of 
the formation of the plates and spicules of the can* 
dilated tissue. — The little plates or cylindrical 
spicules of bone which enter iuto the formation of 
the cancelli are represented at first by soft masses, 
consisting of bioplasts which correspond to several 
elemental parts of bone. These masses may often 
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be detached) when they are found to have the ap- 
pearance of large compound cells, consisting of many 
smaller ones. They are met with in. numbers beneath 
the periosteum as well as beneath the medullary 
membrane. These, in fact, represent the early stage 
of the formation of bone tissue, and ordinarily undergo 
ossification. In some forms of disease, however, they 
grow and multiply very rapidly without becoming con- 
densed or calcified. They may accumulate so as to form 
a vast amount of soft and rapidly increasing spongy 
tissue, which has been truly considered to be closely 
allied to certain forms of cancer. The masses*above 
described vary much in size and form in the healthy 
state, and from the circumstance of their being 
found in great number in close proximity w^th the 
marrow, they have been termed “ myeloid cells.*^ In 
no structure of this kind do we meet with anything, 
to justify the idea that the lacunae and canaliculi are 
stellate cells. Each mass is oval, and usually smooth 
on the surface. The so-called “ myeloid cell is 
therefore only a spicule of part of a lamina of bone 
tissue in its soft state containing numerous masses of 
bioplasm, with as yet very Ijttle intervening formed 
material, and no calcareous matter. 

216. Of the chanires occurrlniT in an Haversian sys^ 
teni of fully formed hone. — Many years ago Messrs. 
Tomes and De Morgan (Phil. Trans., 1853) discovered 
that some of the Haversian canals of the compact tissue 
of bone were much larger than others, and that the 
outline of the larger canals as see^ in a thin transverse 
section of the compact tissue, was uneven. By 
farther examination, these observers sncceeded in 
ascertaining the explanation of this important fact. 
They demonstrated that the several adjacent Haver- 
sian rods of bone tissne varied very mnch in age, 
and that of those seen in a section, even in adult 
bone, some had only just been formed, or were 
in course of formation at the time the bone was 
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taken for examination, while others had existed for a 
considerable period. Some were already undergoing 
decay, and of others nothing was left. The highly 
important conclusion was established by these re- 
searches, that even in fully formed iDone, the compact 
bard tissue was undergoing constant change. Old 
Haversian rods were continually being removed, and 
at the very time that adjacent ones were being 
formed. Thus, in a transverse section of bone, we 
look upon sections of Haversian rods of every age, 
and in every degree of change, from the young rod 
just b^ing formed, to the old one of which the merest 
traces; are to be detected. • 

In this way, the firmness and elasticity of bone is 
effectually secured, all through adult life, and until 
we reach old age, when bone ceases to be renewed, 
^and consequently becomes very dry and brittle. In 
order to form an accurate idea of the wonderful 
phenoiuena taking place, we must consider the 
changes which ensue in a single Haversian system, 
and which make up its life history — and, that the 
account may be made as simple as possible, I shall 
ask you to imagifte what would be seen actually going 
on in an Haversian carial if it were possible for the 
eye to fallow the operations from their commence- 
ment to their close. 

Let us then consider what we should see were it 
possible for us to watch the various changes which 
take place in a single Haversian system after it had 
reached its mature state, and was about to be re- 
moved and replaced^by another. Just external to the 
vessel occupying the Haversian canal, in the slight 
interval between the vascular wall and the surface 
of the osseous tissue, we should discern a number of 
little bioplasts, which would be growing and multiply- 
ing. Many, would be in very cldse contact with the 
bony tissue, which is to be gradually acted upon and 
slowly appropriated by the particles of living matter. 
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As more and more bone tissue disappears, an in- 
creasing space between the vessel and the bone tissue 
results. This space is entirely occupied by bioplasts. 
Indeed at this time instead of the Haversian rod 
we should find around its central vessel only a cylin- 
drical column of soft material, consisting almost 
entirely of small living bioplasts, each about the size 
of a white blood corpuscle or somewhat less than 
this, which have grown and multiplied chiefly at the 
expense of the bone tissue which had been removed by 
them. The elements of nutrition required by tl^e bio- 
plast* ^/and which are not present in the bone, ai;^ no 
doubt derived from the blood which continues to flow 
through the vessels while these changes proceed. Thus 
is formed the “ Haversian space ’’ which is sedn in a 
section of dead dry bone. The soft bioplasm contains 
so much water, that when a section of dry bone is ex- 
amined, scarcely a trace of the multitude of ejjoding 
bioplasts, or of the vessel, can be seen. The bone tissue 
of the Haversian system having been removed, the 
process of erosion at the circumference of the space 
ceases, probably in consequence of the great distance 
by which the bioplasts near the bone tissue are now 
separated from the blood, whence certain t^lements 
necessary for their growth can alone be derived. 

The process of disintegration gives place to a veiy 
different operation. Of the bioplasts in contact with 
the bone, some no doubt die and disappear. Others are 
however concerned in the production of soft formed 
material, which gradually beconles infiltrated with 
calcareous matter, as described in § 208, and a layer 
or lamiria of new bone results. Then immediately 
within this a second lamina is formed in the same 
manner. The formation of new layers concentrically 
one within the other proceeds, until a new Haversian 
system results. The lacuna and canalculi are formed 
precisely as I have already described in § 208. 

After this new Haversian rod has existed for a certain 
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time, it is removed to give place to another. While 
one rod is being formed, some of its neighbours are 
being removed. Thus the compact tissue is gradually 
renovated in every part of its substance and without 
its strength being in the slightest degree impaired, 
during the time changes, destructive and constructive, 
are proceeding in its very substance. 

2l'7> Formation of primary bone. — In the develop- 
ment of the bones of the skeleton of man and ti^e 
higher vertebrata, tempfra/ry cartilage is the seat 
of formation of a very imperfect and soft spongy kind 
of osseous tissue, which serves only a tempox*ary pur- 
post*, and is entirely removed before the more perma- 
nent form of bone is produced. In the expanded 
portion of the cranial bones, however, ossification 
does take place without the previous formation of the 
temporary or primary bone, as it has been called. 
The bone in question is not preceded by temporary 
cartihige, but from the earliest period consists of 
fibrous tissue, like the periosteum of bones generally. 
The fibres of this fibrous fissue become calcified, while 
its masses of bioplasm, or at least some of them, take 
part in the formation gf the future lacun®. 

The more lasting or secondary hone of the skeleton 
generally is formed at the deep layer of the fibrous pe- 
riosteum ; and the process agrees very closely in its 
general characters with that which takes place in the 
ossification of the expanded portion of tWb cranial 
bones. Beneath the periosteum may be seen nu- 
merous large inassfjs of bioplasm, § 21a, for the most 
part of an oval form, which are the agents concerned 
in the production of the formed material of the future 
bone. And the changes which take place are closely 
analogous to those which have already been described 
as occurring in the formation of bone in the frog, 
§ 208. It is, however, much more difficult to study 
the changes in mammalian bone, in consequence of 
the firmer consistence of the tissue and the diffionlty 
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of obtaining sufficiently thin sections for examination 
by very high powers. Such sections are absolutely 
necessary for demonstrating the changes which occur 
here on a .scale very small compared with that upon 
which they proceed in the cartilage of the frog. 

218. The aisintegrallou and removal of hone. — ^ 
The removal of the osseous tissue is effected upon the 
same principle as the removal of fatty matter, § 194, 
and other substances which have to be gradually dis- 
solved and taken up by the blood as soluble sub- 
stances, instead of l^ing cast off and carried away as 
particles of considerable size like the old cells of cuticle 
or of a mucous membrane. • No one would, however, 
have been led to expect that the hard matter of bone 
would have been easily dissolved away and appro- 
priated by living bioplasm; for bone is not easily 
dissolved, and when subjected to the action of ordi- 
nary fluids undergoes very little change. Small 
pieces of bone have been subjected to the action of 
serum and pus for long periods of time without any 
appreciable change being induced. Nevertheless, it 
has been distinctly demonstrated that the hardest 
tissues like the fang of the temporary tooth, may be 
dissolved away, and removed during life. It is re- 
markable that the material concerned in the process 
of removal should be a soft and moist semi-fluid 
substance which comes into very close contact with 
the bone^nd dentine. By employing the carmine- 
solution ^as I have described, § 68, the actual par- 
ticles engaged in the removal of these hard tissues 
have been demonstrated very distfiactly, and in bone 
tissue at diflerent periods of age. They are little 
particles of bioplasm which* as they grow and mul- 
tiply, take up the formed material that was produced, 
it may have been, by their predecessors. In the same 
way it has been shown that the bioplasm of mildew 
may grow and live upon the formed material ii baa 
already produced, § 94. ^ The bone tissue diappears 
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and the materials that entered into its composition are 
converted into bioplasm. Of the numerous bioplasts 
formed, some die, the products of their death being 
taken up by the bioplasm of the capillaries, and that 
of the blood, and the elements eliminated in other 
states of combination in the^urine and other excre- 
tions. Many of the bioplasts, however, retain the 
phosphate salts and other constituents which they 
have taken up, and these are probably subsequently 
employed in the formation of the new osseous tissue 
which takes the place of that removed. 

aoLll. Origin of the dlsinteirratlttiir bioplasts. — ^With 
regard to the origin of these disintegrating bioplasts 
I have been able to show that at least in the case of 
the,]removal of temporary bone at an early period of 
life, they result from the division and subdivision of 
the bioplasts of the original temporary cartilage, after 
iliese had been for some time enclosed in the crypts or 
spaGes which were formed by the deposition of cal- 
careous matter in the formed material or matrix in 
the intervals between ^the cartilage bioplasts. See 
“ The Physiological Anatomy and Physiology of Man,’* 
New edition, Part IL, p. 278. ” 

220. 0f the manner in which the removal of the 
bone tissue is effected. — There are few questions of 
greater interest than this. We have discovered the 
actual agents concerned in the removal of the hard 
matter of bone as well as the softer mate#al of other 
tissues, as well as substances in solution in various fluids 
in the body. It l^as been conclusively proved that the 
active substance is living bioplasm. Such is the 
marvellous power of this living material, that there 
are probably few things in nature that are proof 
against its destroying powers. The hardest material, 
even flint itself, yields to the slow but sure disinte- 
grating action of bioplasm. The most insoluble naa- 
tferials, as well as the most soluble are appropriated. 
Fatty matter is taken up by bioplasm, and almost as 
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qtiickly as albuminous and otber soluble substances. 
But how, precisely, is the wonderful disintegrating 
action effected ? In the case of adult bone it is pro- 
bable that the first change that occurs is the soften- 
ing of the bone tissue close to the vessel of the Ha- 
versian canal by imbibitibn. In this way the passage 
of nutrient material to the little bioplasts enclosed, 
or partly enclosed, in the incompletely formed osseous 
tissue is favoured. Then the little particles of bioplasm 
themselves grovr and multiply in the space in which 
they lie. • The walls of the space (lacuna) are eaten 
‘ away and the lacuna becomes enlarged. As the hard 
material disappears, instead* of a lacuna occupied%y 
a single bioplast, we find a greatly enlarged space, a 
gigantic lacuna, containing several bioplasts. •One 
of these I figured as early as 1861. See Plate VIII, 
fig. 48. “The structure of the tissues,*’ a course 
of lectures given at the Boyal College of Physicians^ 
1861. The bioplasts of adjacent lacunae increaSe in 
the same manner, and by decrees lamina after lamina 
of the osseous tissue of the Haversian rod dissappears, 
and in place of hard bone, we find soft pulpy growing 
bioplasm occupying what is now the “Haversian 
space,” and filling up the interval between the vessel 
of Haversian canal and the boundary formed by 
the' circumferential portion of surrounding Haversian 
systems, which will in their turn, have to undergo the 
same prodiss of disintegration. The bioplasts do not 
effect the removal of the bone, as might be supposed, 
by the formation of atf acid fiuid pr by developing 
some substance that possesses solvent prope:H:ies. 
Upon the whole it is more probable that the change 
is due to a mechanical rubbing away rather than tO' 
the action of a chemical solvent. It seems to me most 
likely that by the incessant movements of the bio* 
plasm in very close contact with the material to be 
removed, excessively minute particles ate graduiilfy 
rubbed ofiT, as it were. The Smallest moleculeB of the 
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matter in this minntely disintegrated state are so 
very small that the fluid containing them in snspen- 
sion would exhibit the same properties as that in 
which small particles were actually dissolved, for the 
particles in suspension would traverse animal mem- 
brane with the fluid, and would be brought into suf- 
ficiently intimate contact with the bioplasm to be 
taken up and appropriated by the living matter itself. 
By this farther change particles do become chemically 
altered, and the constituent elements separated from 
one another and prepared for recombinations and the 
formation of substances, it may be, of a kind totally 
different from those which existed before. 

221. Reparation of bone. — The great importance 
of this subject to the surgeon has led to many very 
interesting researches. From the time of Duhamel 
to the present day, the several steps of the process 
by which new bone is formed have been ably elu- 
cidated in all that relates to their more obvious 
characters by the investigation of distinguished 
scientific men and practitioners. When a fracture 
occurs, blood is, of course, effused into the wound, 
both from the ruptured vessels of the bone itself, and 
from those of the surrounding structures participating 
in the injury. This blood soon undergoes change. 
Its colouring matter is absorbed, and its bioplasm 
particles (white blood corpuscles) multiply. The 
fibrin at length disappears, being appropriated 
by the developing bioplasts, and in its place a 
form of fibrous tissue is produced. This at length 
undergoes calcification, and from the fourth to 
the sixth week a soft temporary bone, termed by 
Dunuytren jprovisional callusy results. This is slowly 
reprted'. by the development of permanent bone 
(permanent callus) from the growth and multiplica- 
tion of the bioplasts of the tom periosteum of the 
oHginal bone,. • 

291. Of Inflanuiiatloii of bone. — In the develop- 
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ment of bone, in the removal of old Haversian 
systems, and in the formation of new ones, in the 
nnion of fractured ends of bones, in entries, and in 
the formation of bone cancer, the bioplasts or masses 
of living germinal matter are the active agents. If 
bone is to be ahsorhed these little masses of bioplasm 
multiply very rapidly, and increase at the expense of 
the surrounding bone. On the other hand, if bone is 
to be formed^ it has been shown that the masses of bio- 
plasm having increased in number for a time, cease to 
multiply. Each increases in size, and the outer part 
slowly undergoes conversion into formed mateyial, 
which in its turn becomes* gradually impregnated 
with hard calcareous salts. The harder the bone is 
to be, the slower must this process proceed. Now in 
wflammation of hone the bioplasts of the lacunsB 
increase in size, and appropriate the formed material 
adjacent to them. Thus, a lacuna becomes much en- 
larged, and is found to contain several small spherical 
masses of bioplasm instead of one. The bone tissue 
between several lacunas may be disintegrated and re* 
moved, and thus a space of considerable extent may 
be scooped out even in the compact tissue, and may 
be occupied by masses of bioplashi, resulting from the* 
division of the bioplasts belonging to several lacunae. 
This is one way in which an abscess in bone may 
originate. 

223. Riofeets anA carles. — In these conditions the 
vital changes going on in osseous tissue are much 
more active than healthy bone, which lives and grows 
but slowly in compawison. The moifbid processes are 
charaoterised by the increase of bioplasm, which 
grows too fast for the condensation of the tissue 
which is requisite for the production of true bone to ' 
take place. Here, as in all other cases, rapid change 
is associated with brief duration. The well developed 
normal lasting bone tissue is formed very slowly, and 
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the ehaages sucoeed each other in the most gradual, 
orderly, and regular manner. 

' In rickets the bioplaam grows feat,* and a very soft 
kind of formed material results, which is not hardened, 
or only very imperfectly hardened by the infiltration of 
calcareous salte. The bone is, therefore, not resisting 
enough to support the superincumbent weight of the 
body, and yields, becoming bent and distorted, ac- 
cording to the direction of the pressure. In caries^ 
the bioplasm of a part of a bone receives too large 
a supply of nutrient matter ; it grows too fast, and 
lives upon the surrounding tissue which has been 
alf^dy formed. 

324 . Of the death of hone. — In necrosis, the death 
of the bioplasm of many lacunm takes place. It is 
easy to conceive that such a result must ensue if the 
supply of blood be cut off; for the currents of fluid, 
which during life flow through the canaliculi, and 
permeate eveiy part of the bone, cease, and the bio- 
plasts die. Changes in the small trunks which supply 
the Haversian vessels, ending either in their obstruc- 
tion, as, for example, by clots, or their obliteration by 
pressure, exerted upon them, as from the growth 
of adventitious tissue around, may cause necrosis of 
a considerable extent of osseous tissue. Thus effusion 
into the deeper and more spongy portion of the 
periosteum, as occurs in the formation of a node, may 
cause the occlusion of some of the vessels passing 
from this membrane into the compact tissue. The 
passage of blood through these vessels being inter- 
fered with, the fdbplasm oi all that portion of bone 
receiving nutriment from them must die, and a piece of 
bone of considerable fdzp become “ necrosed.” Imme- 
‘ diately around this the nutrient matter would flow 
more freely, but of course less regularly. In conse- 
quence, the .bioplasm of Ifee neighbouring lacunce 
would grow much fluster, and thus a vast number of 
bioplasts would result. TheBe would even eat away, 
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as it were, but of course very slowly, the dead bone, 
which soon becomes surrounded by them. After the 
bioplasts have accumulated to a certain extent, many 
increase in size, produce formed material, which in 
its turn ossifies, and thus the piece of dead bone is at 
length imbedded in new irregularly formed bone. 
This process goes on, unless the whole of the dead 
bone (sequestrum) is removed by the process above 
referred to, or by surgical interference. Before the 
dead bone can be removed by the surgeon, he has in 
many cases to cut away very much of the new bone 
which has been produced. Now, it has been *aid 
that the dead bone acts as an irritant — as a forei^ 
body— ^d that this is the reason why the bone in- 
creases around it. Such a doctrine is siill strongly 
maintained, although no one has been able to show 
exactly what is meant by the supposed “irritation.^* 
22ft. Nature of Irritation and excitation. — It has 
been assumed that an irritant or excitant is always 
necessary to increased action, that by this “ irritant ” 
the living cells are “ excited ’!*to live faster than usual. 
For this increased activity, all that is really re- 
quired is a more free access of nutrient matter. The 
so-called “irritant,** instead of “exciting,** acts in 
the most passive manner possible. It permits pabulum 
to have freer access to the living bioplasm.^ By it the 
restrictions under which growth normally takes place 
are to some extent removed. There is no “ excita- 
tion to increased action** at all. The more freely 
living matter is supplied with pab^um, the faster it 
grows.' “Increased action** in a living structure 
results from the removal of restricUons^ as occurs when 
the rupturey perforation or. softming of the “ ceU-wall *’, 
or “ intercelltdar substance,** takes place. The 
nutrient pabulum comes more readily into contact 
with the bioplasm which grows faster, but not in 
consequence of stimulation^^ exdtationf* or “im- 
taiion/* 
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List of Microscopical Specimens illhstratino 
Lecture VIII. 

Ko. of diameters 

No. magnified. 

68. Ossifying cartilage, kitten ; masses of bioplasm near 
ossifying surface, arranged in rows and increased 
in size as they approach the part ossifying . • 130 

59. Ossifying cartilage, temporal bone; frog. Observe 

the globules of calcareous matter deposited around 
the masses of bioplasm . . . . . . . . 215 

60. Very large cells in ossifying cartilage, temporal bone, 

frog 215 

61. Formation of bone beneath periosteum, ossifying 

. femur, kitten. Observe the bioplasm in the very 
^ large lacunse . . .4 215 

62 . Cancellated structure and cancclli bone, pig ; showing 

bioplasm in lacumc . . .. .. .. *. . 180 

63. JFully formed bone, pig j showing bioplasm of lacun», 

canaliculi, and fibrous arrangement of the fully 
formed bone . . . . 215 

64. Bioplasm in very large lacunsB in course of formation, 

frog 215 
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LECTUEE IX. 

Of the Bioplasm of Nerve Tissue — Nerve Tissue in the 
lowest Organisms — The active part of a Nerve-fibre 
^Fine Nerve-fibres — Ultimate Networks — No ends 
to Nerves — I)arlc-bordered Nerve-fibres — Pale Fibres 
— Course and distribution of Nerve-fibres — Ijferve 
Centres — Central Nerve Cells — 1. Angular or Cau- 
date Nerve Cells — 2. Spherical^ Ocal^ and Pyrijorm 
Nerve Cells — Nerve Cells toith a straight and spiral 
Fibre — Probable nature of spherical and oval Nerve 
Cells — Nature of the Nerve Current — Arguments m 
favov/r of Peculiar Force — Arguments in favorer of 
Nerve Current being Flectincity — Action of th^ Bio- 
plasm of Nerve Tissues — Conclusions concerning the 
Structure, Arrangement, md Action of a Nerve 
Mechanism, 


, Of Nerve-filfrcs. 

S26. Importance of bioplasm In the hlirliest tissues. 

— It is only when we come to study the phenomena 
of the highest tissues that we begin to realise the 
vast importance of bioplasm i i the changes that 
occur during each moment of existence. We have 
seen that the simplest tissue wjth which we are 
acquainted, as well as the most complex, owes its 
formation to bioplasm; but in many textures the 
bioplasm performs no other* office. In every part of 
the nervous system, however, more especially at the 
peripheral distribution and central origin of all 
nerves, active changes of the most important kind 
are effected through the agency of the bioplasm, and 
these xx>ntinue throughout life. Indeed, in some 
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iiLstaiices, nerve action, which is dependent upon 
changes in the bioplasm, never ceases for a single 
moment from birth to death. The active phenomena of 
thenervons system are entirely dne to vital actions, and 
matter which is concerned in these vital changes 
is invariably the bioplasm We shall therefore have 
to consider the general structure and mode of growth 
of nerve tissue, and especially the relation which its 
bioplasm bears to the formed material of nerve-fibres 
and cells. The mere anatomical question has, indeed, 
a most important bearing, for, until it is decided, we 
cannot hope to carry on investigations with any 
grqat chance of success into the real nature of nervous 
actions. Various opinions have been advanced con- 
cerning the structure and arrangement of nerves in 
the iSwest animals, and the fanciful suggestion that 
nerve matter may be in solution or in a molecular atate, 
diffused through the general tissues of the body, has 
scarcely yet been abandoned. On the other hand^t has 
been affirmed that no fibre ought to be regarded ai^ nerve 
which does not ^exhibit ihe dark-bordered chaijacter. 
This strange dictum involves the acceptance 6f the 
doctrine that nerves pass into, and are continuous 
with, other tissues of the body, and act by reason 
of this continuity of material substance. But I hope 
to convince you that we may now discard both these 
extreme doctrines, because we are able to defiKie, and 
with considerable accuracy, what is essential to nerve 
structure. 

%%% Kferve tissue In tbe lowest orsaiif sms. — lb might 
be supposed that ii/ e should be able to form a correct 
idea of the essential structure of a nervous apparatus 
if we appealed to some , of the lowest organisms in 
which the existence of nerve tissue might be fairly 
assumed. In them it would be supposed that we should 
meet with a nervous system in a very simple con- 
dition. But it unfortunately happens that in these 
lower forms of life the nerve-fibres are so very deli- 
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cate as to be, under ordinary cironmstances, invisible. 
Nor is it surprising that the difficulty of detecting 
them has induced some to adopt the hasty and, it 
must be admitted, unjustifiable, inference, that many 
creatures which exhibit combined and complex mus- > 
cular movements are altogether destitute of nerve- 
fibres, but that the nerve matter of their bodies exists 
inadifiused and fluid state, or in the form of minute dis- 
connected particles disseminated amongst the tissues. 

Now, if the tissue of the arm of an Actinia, or 
sea anemone, be carefully examined after successful 
staining, § 68, multitudes of minute oval biopllsts 
(nuclei), taking different directions, will be observld 
amongst the muscular fibres, as well as in the external 
investment. The disposition of these would receive 
explanation if they were connected together by deli- 
cate threads. Here and there in a very thin specimen 
a very delicate film can indeed 1^ discerned passing 
from one bioplast to its neighbours. A precieely 
similar arrangement is seen upon the muscular tissue 
of the suckers of the commdn starfish, in the skin 
of the oxfiake, and in the true skin of the leech 
and earth-worm. In these last ,I have been able to 
trace very distinctly the connection between the 
bioplasts and the excessively delicate inter-commxmi- 
cating threads, as well as to demonstrate the passage 
of the finest fibres into unquestionable nerves. Li 
insects, and especially in the maggot and common 
bluebottle, I have also succeeded in tracing the con- 
nection. In the peripheral organs jf the perfect fly, 
and in many tissues of the mollusca, especially over 
some of the muscles, I have been able to separate an 
extremely delicate tissue, consisting principally of 
nerve cells with very fine fibres passing from them, 
and crossing and interlacing in every direction, con- 
stituting what may be truly described as a nerve 
membrane of extreme delicacy. We shall find in the 
peripheral parts of the nervous system of man and 
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the higher animals at an early period of development, 
a precisely similar arrangement. In this delicate 
membranous structure no separate nerve cords or 
fibres can be detected, but delicate tracks crossing 
one another at various angles may be discerned. 
Running in the same direction as the tracks are oval 
masses of bioplasm. The lines, I believe, indicate the 
paths taken by the nerve currents as they traverse 
the delicate nerve tissue in passing to and from the 
nerve centres. 

228. Irreconcileable opinions concernlnir the struc- 
ture and action of a nerve apparatus. — ^At this pre- 
set time there is the ^eatest disagreement among 
authorities upon fundamental questions. It is not 
even determined whether nerves terminate in ends 
or form continuous circuits, — nor whether they in- 
fiuence tissues by reason of their being in structural 
continuity with them or merely indirectly, in conse- 
quence of currents passing along the nerve- fibres 
situated at some short distance from the particles of 
tissue to bo influenced. * And it is not known whether 
the influence is produced by the passage of a con- 
tinuous current varying in intensity, or by an inter- 
rupted current. Nor is there more accord as to the 
origin of nerves in centres ; some holding that the 
fibres invariably originate in cells ; others, that some 
cells have no fibres at all connected with them. And 
of those who admit the first proposition, some think 
the fibre comes from the bodjr of the cell, while others 
profess to have^traced it into the nucleus. Some 
even assert that they have seen the fibre emanating 
from the nucleolus. Or, again, concerning the fibres, 
which unquestionably (Originate in nerve cells, it has 
been stated that some pass into nerve-fibres, while 
others have no special relation to nerves at all. 

229. Tlie active part of a nerve-llbre. — It is most 
remarkable how v§ry closely the nerve-fibre in the 
lowest and most simple creatures which possess a 
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nervous system resembles the active part of the 
ijerve-fibre in the higher animals, especially at an 
early period of development. The active part of the 
nerve-fibre in adult vertebrata invariably consists of 
a very delicate compound thread which exhibits a 
slightly fibrous character, and is composed of an oleo- 
albuminous material. Connected with the threads at 
varying intervals are oval masses of bioplasm. Inhighly 
sensitive peripheral nerve-organs, and in the motor 
nerves of muscle, these masses of bioplasm are very 
numerous, and, in some cases, are almost continuous 
with one another ; but in less sensitive texturej# the 
masses of bioplasm are often separated from <»ne 
another by a distance of -x^^th of an inch or more. 
In all cases these bioplasts or “ nuclei/* are situated 
very close together at an early period of develop- 
ment, and at first the tissue which represents nerve 
consists of bioplasm only. As the tissue advances 
towards maturity, the masses of bioplasm become 
gradually separated from one another by a greater 
extent of fibre, but at all ^^eriods of life and in all 
peripheral branches of nerves these bodies are present. 

230. Fine nerve'lllires compojunci. — The fine nerve- 
fibre sometimes appears as a very distinct fibrous 
structure, which, were it not actually traced to un- 
questionable nerve- fibres, might be easily mistaken 
for fibrous or connective tissue ; sometimes as a very 
delicate expansion of such extreme tenuity as to be 
demonstrable only after it has been partially altered 
by chemical reagents, and the oil;g matter separated 
from it in the form of granules or globules, which 
can be very easily traced. Fibres often pass off at an 
angle from these fine nerve- fibres, and divide and sub- 
divide, joining others, so as to form a network, the 
meshes of which vary much in diameter in different 
cases. Every one of these delicate fibres of which 
some are not more than the xW.Tnsir 
diameter, mast be regarded as composed of still 
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finer filn^s, which, after leaving the branch nnder 
observation, pursue opposite directions. In using 
the term neiworlc^ therefore, I do not mean to imply 
that fine nerve- fibres unite with each other after 
the manner of capillaries, but merely that the himdlee 
of fibres are arranged like net-works. The fibres 
composing the bundles do not anastomose. In lace 
the appearance of such a network of fibres is pro- 
duced; but every apparent thread is composed of 
several, each of which pursues a complicated course, 
and forms but a very small portion of the boundary 
of any one single space. 

«231. No ends to be * demonstrated. — Proceeding 
from the finest nerve- fibres, no fibres exhibiting mda 
or terminal extremities can be detected, and the 
general conclusion to which we are led is, that neJrves 
are arranged to form continuous strands of fibres 
which pass amongst the elementary parts of the 
tissues, but neither become continuous with them, 
nor terminate in fi:*ee extremities in or upon them. 
The active part of a peripheral nerve-fibre with its 
bioplasm is represented in many of my drawings 
published in the Phil, Tram, 1861, 1862, 1867. 

In all cases, as far as 1 can ascertain, the ultimate 
terminal fibres are pale and granular, exhibiting 
nuclei at varying intervals, but are distributed upon 
preoisely'the same plan.* I am of opinion, therefore, 

* Not many years since, numerous obserrers considered that 
no fibre could correctly be termed a nerre-fibre which did not 
exhibit the dark-bordered character (§ 283) and many real nerve- 
fibres were regarded Us fibres of connective tissue. But since 
I demonstrated the very fine nerve-fibres in many different 
textures, and showed that in all cases the really active peri- 
pheral part of the nerve was^the terminal plexus, composed of 
very fine compound fibres often less than the of an 

inch in diameter, numerous memoirs have appeared in Germany 
in which the authors endeavour to prove that exceedingly fine 
fibres pass off from what I look upon as the terminal plewmeSf 
and end or terminate in epithelial cells, or foim very minute 
networks upon and amongst the cells. 
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that there is not such a thing as a trae to any 
nerve-fibre. I must, however, admit that almost all 
the observations which have been made in Germany 
during the last few years are opposed to this view. 
Memoir after membi!^ has been published for the 
purpose of proving that nerves eidiibit terminal ex- 
tremities in several motor and sensitive organs. As 
investigation proceeds, this controversy becomes more 
interesting and exciting. Although my opponents 
are many and powerful, the facts in favour of my 
dwn view are now very numerous and almost every 
new investigation I attempt enables me to add rSore 
to the number. Moreover, my conclusions rest u^n 
observations upon many different tissues and organs 
not only of vertebrata, differing widely from* one 
another, but of numerous invertebrate animals. I 
cannot therefore yield. I am quite convinced that 
numerous specimens I have made fully justify me 
in maintaining the general proposition that iff all 
cases the terminal distribution of nerves is a plexus, 
network, or a loop, and hence that in connection 
with every terminal nervous apparatus there must be 

• 

Pflilger has arrived at the conclusion that the nerves distri- 
buted to the salivary glands end by exceedingly fine filaments 
which pass into the epithelial cells and become connected 'with 
them or their bioplasts (nuclei) ; but I do not think that in 
this organ any nerve-fibres pass beyond the surface of the con- 
nective tissue upon which the secreting bioplasts lie. I have ' 
never been able to convince myself that nerves pass to the epi- 
thelial cells in any of the situations indicated, nor have I seen 
any preparations at all conclusive. On ^he other hand there 
are many facts opposed to this view. Upon the whole, the 
evidence, so far, is strongly in &vour of terminal networks be- 
neath the epithelium of such tissues as mucous membrane and 
secreting gli^s. And as the act of secretion,— the production of 
peculiar oomj^unds by bioplasm dif^ing entirely from the ma- 
terials out of which they were made, — ^is certainly performed in 
many cases without nervous agency, much stronger evidence 
than any yet advanced ought to be a^ueed before the conclu- 
sion that nerves act directly upon the secreting cell is accepted. 
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at least two fibres ; and that in all cases there exist 
complete circuits into the formation of which central 
nerve cells, ^peripheral nerve cells, and nerve-fibres enter. 
All these elements are in structural connection with 
each other. [‘^How to Work%ith the Microscope,” 
4th Ed.] 

282 . Of plexuses and terminal networks. — Every 
one agrees that the larger nerve trunks are in many 
instances so arranged as to form plexuses or net- 
works, to which various names have been assigned 
by anatomists, according to their position, general 
for&, origin, <fcc. ; but it^was supposed that in many 
ca^es nerves pursued an almost direct course to their 
ultimate distribution, where they terminated in free 
extremities, in cells, or by becoming continuous with 
bhe texture they influenced. More careful observa- 
tion has, however, demonstrated that all nerves 
before they reach their finest ramifications form 
micfoscopio networks or plexuses, arranged upon the 
same plan as the coarser networks above alluded to ; 
and I have been able 'to demonstrate that the fine 
ramifications themselves constitute a plexus or net- 
work, in which the component ultimate fibres are ar~ 
ranged in much the same manner as the large darh^ 
bordered fibres entering into the formation of one of the 
ordinary plexuses. 

Careful observations upon the arrangement of par- 
ticular nerve plexuses in the same texture at difie- 
rent periods of development have convinced me that 
the ultimate tern\jnal plexus of the embryo becomes 
the plexus composed of coarser fibres of the infant 
and child., and the plexus made up of bundles of 
compound fibres of the “adult. New ultimate nerve 
plexuses gradually come into existence ae the con- 
stituent fibres of those previously formed grow and 
slowly become converted into thick nerve-fibres. 
That a continuous development of new nerve-fibres 
takes place in the adult has been proved beyond ques- 
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tion by facts demonstrated in many of the textures 
of man and the lower animals. The arrangement 
is the same as regards sympathetic, and spinal 
motor and sensitive, nerve-fibres — except that in the 
latter the constituent** fibres of the plexuses one or 
more removes from the terminal plexus are dark 
bordered. (“ How to Work with the Microscope,” 
4th Ed.) 

233. Dark bordered nerve fibres of the trunks of 
nerves. — Every peripheral nerve network is connected 
with its nerve centre by fibres, and whenever the 
distance between the centre and peripheral orgafi is 
considerable, the nerve-fibres* are protected from ea^ 
other, and from the tissues through which they pass, 
by a thick layer of oleo-albuminous matter, which 
forms an investment to each bundle of delicate fibres, 
by which it is insulated and separated from its 
neighbours, and from other structures, by a distance 
equal to from five to twenty times its own diamdter. 
When the trunks pa’ss through narrow canals, as 
through holes in the craniufn, this insulating pro- 
tective covering is much reduced in thickness, so that 
a large bundle of nerve-fibres is ijiade to pass through 
a space not more than one-fourth of the diameter 
which the nerve trunk possesses in other parts of its 
course. The fibres which have this thick covering 
are known as “ da/rh-hordered fibres , from the dark 
double-contour line they always exhibit when examined 
in water or weak serum ; the covering itself is known 
as the “white substance of Schwaiya,” or the “me- 
dullary sheath.” The double-contour line is not seen 
in specimens mounted in glycerine or syrup. When 
one trunk diverges fi:x)m another, many of these 
fibres divide, one of the resulting subdivisions con- 
tinuing onwards in the trunk, while the other passes 
off to help to form the branch trunk. I have figured 
many of these branchings. See Plate II, figs. 3, 4, 

p. 182. 
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SS4. Of the pale nerre-lllires of the sympathetic 
system. — In cases in' which the distance .between the 
nerve centre and the peripheral distribution of the 
nerves is not very great, the compound fibres are not 
insulated by a “ medullary sh^th.’^ In many of the 
nerve fibres belonging to the so-called sympathetic 
system there is no medullaiy sheath,” or white 
substance of Schwann.”' Where, however, the 
ganglia or peripheral organs are connected with 
nerve centres at a considerable distance off, a number 
of fibres having this investment are found ; so that 
aniongst the sympathetic nerve fibres, we find dark- 
bbrdered nerve-fibres jiist as commonly as pale fibres 
occur in the trunks of spinal dark- bordered nerve- 
fibr/)s (§ 235). In the bladder of the frog I have ob- 
served that where the distance between the ganglion 
and the peripheral distribution of the nerve fibres is 
considerable, the fibres have the dark-bordered cha- 
racter while, on the other hand, if the peripheral dis- 
tribution is near the ganglion, the ultimate nerve-fibres 
are connected with the' latter by pale fibres only. 

23S. Of fine flbres runnlnp with the dmrk-borderea 
nerre-flbres. — I have, described and figured very fine 
nerve-fibres running close to the dark-bordered 
nerve-fibre in the same sheath with it, when there 
exists a sheath, and in the bundles of dark-bordered 
nerve-fibres near their distribution^several such fine 
fibres may be discerned. These fine fibres themselves 
result from the division of dark-bordered nerve-fibres. 
Sometimes, a dark-bordered nerve-fibre divides into 
one dark-bordered, and one fine fibre. The fine fibres are 
in fact the continuation of the dark-bordered fibres, and 
are very near the point of ultimate distribution. These 
fine.fimes accompanying dark-bordered nerve fibres, 
havo not been described or figured other ob- 
servers, and are quite undemonstratable in specimens 
prepared according to the methods usually followed, 
though they are very distinct indeed in specimens, 
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careftilly prepared and moimted in glycerine, or in 
strong symp. The fact of the existence of such 
fibres is of great imporf^ance with reference to the 
question of. Sb.e mode of termination and action of 
nerve fibres, and must influence much the conclusion 
we adopt concerning the essential structure of a 
nervous apparatus. This part of the question has 
been discussed in papers published in the “ Medical 
Times and Gazette,*’ January and February, 1867 ; 
see also, “^chives of Medicine,” 1862-4; “Oroonian 
Lecture,” 1865. 

2d6. Of the axis cylinder. — What appears as ^^e 
single core or axis^cylinder** of a nerve fibre in the 
nerve trunk is formed by the coalescence of 'oenj nu- 
merous fvne fibres^ each coming from a different central 
nerve cell. In following a single dark-bordered or 
other nerve fibre towards centre or periphery, we 
find that it divides and subdivides into a great number 
of fibres which pursue different and often opposite 
directions, one passulg towards the centre, and the 
other to the periphery. And*these. are implanted in 
different parts of the nerve centre or peripheral organ 
at considerable distances from oi^e another. 

23%. Adyantases of the subdivision and Interlace- 
liient of nerve fibres. — If, therefore, one b^^ch of a 
nerve fibre be destroyed by injury, accident, or disease, 
there ought to be neither complete paralysis nor com- 
pletelo&e of sensalion even of the smallest portion of the 
body, but, on the contrary, a very slight effect should 
be produced upon parts situated perhaps at some 
distance from one another. ExjJerience and ob- 
servation have proved such to be the fact. By the 
very free crossing and interlacing and the frequent 
clmnge in the course of nerve fibres in all nerve 
centres, very serious damage to any one organ or 
part of an organ by local disease or injury, is effec- 
tually provide against. Were all our faculties 
exactly localised and the great nerve organs com- 

N 
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posed of nmnerous distinct parts, each having a 
separate office, injury to one of these, or even to a 
part of it, would involve the complete loss of the 
particular faculty of which it was the seat. As it 
is, even very extensive disease* sometimes impairs, 
and only to some very slight extent, the actions of a 
number of nervous organs without completely de- 
stroying the activity of any one. Nerves often reach 
their ultimate ramifications after pursuing a most 
circuitous course, so that in many cases a nerve may 
be divided without sensation being destroyed in the 
sh5n to which its penpheral branches are distributed. 
Because this is supplied* by nerve twigs, derived frOm 
other trunks tolerably near its central origin or peri- 
pheral distribution, which reach the same spot, after 
pursuing a less direct, and perhaps much more cir- 
cuitous course. Plate I. Cases have been recorded by 
Richot, of La Pitee, Paris, Dr. J. C. Nott, of New York, 
and Mr. Savory, in which sensibility was preserved 
in the parts supplied by so large a nerve as the 
musculo-spiral nerve, after it had been completely 
divided (New York Medical Journal, June and 
August, 1868). 

S38. Fundamental and essential characters of a 
nervous dystem. — ^In many of the lower animals I 
have seen very delicate fibres and masses of bioplasm 
arranged to form an extensive network amongst the 
tissues, and in some I believe the entire “ nervous 
system” consists of such a network extended through 
all parts • of the oj'ganism. In the common starfish 
and some other members of the Radiata I have seen 
distinct indications of the existence of a structure 
such as I have described, and I have no doubt that 
when our methods of preparation have been still 
further improved we shall be able to demonstrate the 
nerve-tissue wherever it exists, and distinguish it 
with certainly from the tissues amongst which it is 
distributed. 



Plate I.-PERIPHERAL TERMINAL NETWORKS. 


Fig.l. 



a 


Diagram to explain the author's view of the arranftement of the finest nerve- 

fibres composing the " networks " a a dark-bordered and fine nerve trunSs. 


Fig. 2. 



JDrawing to show the manner In which plexuses or networks of fine nerve fibres 
are formed. The coarse of the numerous nerve currents ao and from the trunks 
is indicated by the dotted lines e, a, a a dark-bordered nerve fibres fine fibres 
running with them. 
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But, when to these observations upon the simplest 
creatures are added, the positive facts demonstrated 
"by me with reference to ultimate distribution of the 
finest nucleated nerve fibres and their bioplasts, in a 
number of tissues of vertebrate animals, an amount 
of evidence is appealed to, which ought not to be 
disregarded. The conviction forced upon the mind 
is irresistible, that in their general structure, ulti- 
mate arrangement, and mode of action, the nerves 
of diiSerent classes of animals from the highest to 
the lowest, and the nerves distributed to all the tissues 
of the same animal exhibits so many points in common, 
that we may conclude the arrangement is the sau^fe 
in principle in all. The active part of every peri- 
pheral nerve apparatus is an uninterrupted network 
of extremely delicate fibres, which are structurally 
continuous with the masses of bioplasm in the nerve 
centres. These last, however, in the lowest classes 
being as it were so spread out as to render it difficult or 
impossible to define which part of the nervous system 
should be considered peripheral, and which central. 
The arrangement is such that it might be correctly 
described as consisting of multitudes of closed circuits 
which are iminterrupted, and are structurally con- 
tinuous in eveiy part. 

In many terminal organs, no doubt, the appear- 
ances are such as to justify upon superficial exami- 
nation the conclusion that the nerves really form 
true ends. In many instances it has been distinctly 
affirmed that one single nerve fibjpe was lost in a 
single terminal cell or other organ ; and as regards 
striped muscle it has been stated as a fact of observation 
that such is the case, by a laf^ge number of observers. 
If this were so, we should be compelled to conclude that 
the single nerve fibre was really terminal. But in 
every single instance in which I have had the good 
fortune to obtain good specimens of such organs, I have 
been able to detect more than one nerve fibre. At the 
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base of the peripheral organs of taste the nerve fibres 
have been actually seen to pass in opposite directions, 
Plate IJ, fig. 1, and in the so-called end organs of 
muscles, Lecture XI, I have demonstrated two or more 
fibres in numberless instances. The evidence that I 
have brought forward in favour of the conclusion, 
that nerves form continuous and uninterrupted cords 
with bioplasts in their course, and continuous with 
the matter of which the fibre is composed, cannot, 
I think, be controverted or explained away, though 
I dare say few will be disposed to accept my conclu- 
sions just yet. 

^230. The course and distribution of nerve 
fibres. — As already stated, all my observations tend 
to tjie inference that nerves never end, and I think 
that the conclusions that have been arrived at in 
favour of the Mea of terminal extremities and ter- 
minal organs have resulted from the examination of 
incenclusive specimens or from erroneous observation. 
A careful considemtion of the facts observed concern- 
ing — 1, the structure *of certain peripheral organs 
favourable for investigation; 2, the distribution of 
nerve fibres in nervQ centres ; and 3, the connection 
between the fibi’es and central nerve cells, forces upon 
my mind the conclusion that the nerve fibres composing 
the nerve trunks, and those finer branches which unite 
to form dark-bordered nerve fibres, may be Arranged 
in the following subdivisions, according to their 
distribution : — 

1. Nerve fibres passing towards a centre — Afferent 

fibres. ' 

2. Nerve fibres passing from a centre — afferent 
fibres. 

3. Nerve fibres connecting nerve centres with one 
another — Commissural central fibres. 

4. Nerve fibres connecting the peripheral ramifica- 
tions of nerves and peripheral nerve organs with one 
another — Commissural peHpheral fibres. Plate II,figl. 



Plate II.-PBRIPHBRAL ORGANS AND COMPOUND NERVE 
TRUNKS. 

Pig. I. 



Diagram of tbr«e papillae from the frog's tongue, to show the arrangement of the 
nerve fibres. Kach papilla is connected with its neighbours by fibres, as well as 
■with the nervoub centre. Amongst these are, 1 . aflerent fibres ; 2. efferent lllyeB ; 
3, commissaal peripheral fibres ; and 4, commiesaal central fibres. 


Fig. 3. 




periphery. 


Cebtral and peripheral portion of spinel nervous system, showing eub-diviaion of 
dark-bordered fibre into a large number of fibres as it approaches both centre 
and periphery. See also PI. IH, fig- 1. P- 187. 


Fig. 4. 


Fig. 3. 



The course and division of individual 
dark-bordered nerve fibres showing 
that one of the fibres resulting from 
the sub-division of a fibre passes on 
in the direction of the original fibre, 
while the other passes into the branch 
which diverges from the trunk. 



A nerve dividing into three branches, 
From the breast muscle of the frog. 
At a and g individual dark.bordered 
fibres are seen to divide, the fibres 
resulting from the eub-dlidsion pass- 
ing onwards in different brabches. 

Copied from an actual specimen. 
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These different classes of nerve fibres have been 
represented in figures 1, 3, and 4, Plate II. It will 
be found that the results of investigation into the 
structure of terminal organs, the fact of the divisions 
of the trunks of nerves as they pass towards nerve 
centres or towards their peripheral distribution, as 
well as the arrangement of nerves and nerve cells in 
the nerve centres, strongly support the conclusion 
that nerves do not in any case divide into single 
fibres, each having a terminal extremity, or end by 
becoming continuous with other tissues. Numerous 
facts indicate that nerve fibres never end. 

Of Nerve Centres. 

Next, I must draw attention very briefly to the 
minute structure of nerve centres, which invaflably 
contain a vast number of “nerve fibres and “ nerve 
cells,” often of large size. These cells, in some cases, 
have a highly complex structure. The “ nerve cei^tre, * * 
in fact, exhibits the essential structures characteristic 
of the peripheral portion of the nervous system, except 
that in the nerve centres of man and the higher 
animals, the elementaiy parts or “ cells ” are, for the 
most part, much larger than 'those found in peri- 
pheral organs. In the nerve centre a great amount 
of tissue is compressed into a comparatively small 
space, so as to form a collection, knot or ganglion. It 
has been shown that, in the lowest animals in which 
nerves are to be demonstrated, there is not this dis- 
tinction between the central and peripheral parts of 
the nervous system. The nerve tissue seems almost 
uniformly distributed. In the higher invertebrata 
and in the vertebrata, however, it is probable that 
the nerve tissue collected in the nerve centres exceeds 
in amount that which is spread out amongst the 
tissues in all other parts of the organism. 

240. Centna nerve cells. — Each central nerve 
cell consists of a mass of bioplasm surrounded by 
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formed material, which l^st is drawn off at two or 
more points into fine threads,**^ These divide and sub- 
divide into still finer ones at a short distance from 
the cell, and are, in fact, processes of the nerve cell 
which become nerve “fibres.** The processes in- 
variably take opposite directions soon after they have 
left the “ cell.” 

Nerve cells may exhibit important structural pecu- 
liarities, so that it is even possible to say, in some 
instances, after examining a single cell, from what 
central organ it had been taken. 

vertebrata there are two principal kinds of 
central nerve cells which are very distinct from one 
another, and probably differ in function not less than 
they do in structure. These are, 1, The Amjular or 
Oaudate Nerve Cells, and 2, The Oval, Pyriform or 
Spherical Nerve Cells, 

24t. Anicular or caudate nerve cells are charac- 
ter! sfjic of the great central nerve organs of verte- 
brata, the brain and spinal cord, and attain their 
maximum of devolopmeat in the highest mammalia 
and man. In many of the lower vertebrata these 
cells are remarkably small, v^^hile the other class of 
cells, on the other hand, is of very large size. If we 
examine the caudate cells in the gray matter of the 
spinal cord and medulla oblongata of mammalia, we 
see lines traversing the cells from each of the many 
fibres connected with them, and passing to every 
other fibre. (ProceGdwg,s of the Eoyal Society, 1864.) 
I endeavoured to show that these lines, which were 
rendered evident dby the slow action of acetic acid 
indicated the paths taken by the nerve currents 
which traversed the cell, Plate III, fig. 2. 

It is an interesting circumstance, and strongly 
corroborative of the truth of the views just ad- 
vanced, that at the very time I was making out the 

* It is probable that no nerve cell exists wbioh has only one 
single fibre connected with it. 



PIATB III.— CAUDATE NERVE CELLS. 

Fig. 1. 



Diagram to show the course of the fibres which leave the caudate ner^ cells. 
a a are parts of two nerve cells, and two entire cells are also represented. Fibres 
from several different cells unite to form single nerve fibres, b b b. In passing 
towards the periphery tliese compound fibres divide and sub divide, the re- 
snltitig Hub-divihions passitig to different dee tiuationH. The fine fibres resulting 
flora tlio sub division of one of the caudate processes of a nerve cell may help to 
form a vast number of dark-bordered nerves, but it is, I think, certa^ wat 

VO SINOLS niOOSSS SVJCA D'OBUB ONX XKIlJtJ! AXIS 07LXKSXB. 


Fig. 2^ 



A diagram of a caudate nerve cell, shoeing the principal lines which diverge firom 
The fibres at the point where they become continuous with the substance of the 
cell. These lines may be traced from any ova rtaav across tbx oxix,, and one 
or more of them may be followed into svzry othxr vibrb which proceeds firom 
the ceil. The tracts are not connected with the bioplasm of the nerve cell. 
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peculiar anatomical fact recorded in my paper, Pro- 
fessor Alexander Bain, looking at the Inbject from a 
totally different side, was led to conclusions concern- 
ing the arrangement of the nervous mechanism 
agreeing in all important particulars with my own, 
which had been deduced from observations upon the 
tissue itself. 

Deiters, Boddaert, and other observers, have stated 
that one dark-bordered nerve fibre enters each of 
these cells. If this be so, we may consider the axis 
cylinder as splitting up in the cell into a number of 
branches, some of which pass into every one of the 
so-called “protoplasm’^ fibres which leave the cell 
and are supposed to terminate a short distance from it. 
My own observations lead me to conclude that a^the 
fibres are composed of the same material and exhibit 
precisely the same structure and refractive power, 
but that one fibre (Deiters’ dark-bordered fibre) does 
not divide until it has passed some distance from* the 
cell, while the others give off branches much closer 
to it. • 

Connected with the cells of the gray matter of the 
, brain, particularly of the sheep, is one long fibre which 
may often be followed for the distance of the tenth or 
twelfth of an inch without giving off a single branch. 
The other fibres, on the contrary, break up into a con- 
siderable number of ramifications near to the cell. 
I cannot agree with Deiters and Max Schultze in 
regarding these fibres as of a totally different nature 
from the long one. Although in Deiters’ figures the 
long dark-bordered fibre is represerfted as if it were 
altogether different in structure from the other fibres 
of tlie cell, I do not discover this difference indicated 
in the beautiful photograph of Boddaert, from which 
it appears to me all the fibres of the cell possess the 
same refractive power. This could not be the case 
if one were “ dark-bordered ” and all the rest consisted 
of what these observers call “protoplasm.” The 
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coTirse of tlie fibres which result from the division and 
sub-division oi the processes of the caudate nerve 
cells, according to my view, will be understood if 
fig. 1, Plate III, page 187, be referred to. All the 
fibres of every cell divide and subdivide into finer 
fibres which are continued to peripheral parts. 

It is probable that the caudate nerve cells are not 
sources of nerve force. These cells are fewer in 
number and comparatively insignificant in the lower 
vertebrata, particularly batrachia and fishes. In the 
invertebrata they do not exist at all, and it is doubt- 
ful if any “ cells ’’ precisely corresponding to them 
a*te to be found in their ^tead. 

242. Bioplasm of the nerve cell. — The bioplasm 
of t^he nerve cell is embedded in the material which 
exhibits the lines crossing in all directions, and no 
doubt this substance is formed from it ; but, as far as 
I have been able to ascertain, no nerve fibre arises 
from, or is connected with, the bioplast (nucleus or 
nucleolus). It appears probable that the caudate 
cells are the stations at which nerve fibres pursuing 
many different directions decussate and change their 
course. Plate III, fig. 2, page 187. Plate IV, figs. 
1 and 2. 

243. Of the spherical, oval, and pyriform nerve 
cells. — The nerve cells belonging to this class have 
a structure very different from that of the caudate or 
angular nerve cells. The fibres, instead of radiating 
from the cells and appearing as if drawn out from 
them, encircle them, and pursue a very circuitous 
course after leaviiig the cell. They are curved and 
coiled, and are of much greater length than is neces- 
sary simply to traverse the space through which they 
may be traced. The matter of which the fibres are 
composed is continuous with that of the cell, and the 
facts observed justify the inference that the fibres are 
continually growing, or^ in other words, that the matter 
at the outer part of the cell gradually undergoes con- 
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version into fibre, which process contmnes during the 
life of the cell. It seems as if the cwl revolved,' and 
at the same time had spun oflP fibres from its peripheral 
parts. In many cases the fibre seems to unwind itself 
from the outer part of the cell, and in this situation 
the gradual multiplication of the oval masses of bio- 
plasm which are ultimately seen in the unwound fibre 
may be demonstrated, and the youngest may be seen 
growing in the substance of the cell Itself near the 
surfiice. 

In man and the higher vertcbrata the cells of this 
class are found in all the ganglia of the so-called Sym* 
jyatheitCf and in the ganglia d!U the posterior roots of the 
nerves, the Gasserian ganglion, &c., which belong to 
the same division. They are nearly spherical, jyid are 
usually represented as sphencal cells or globules lying 
amongst the fibres of the ganglion. Even to this day , 
these cells are stated in many text-books to be in- 
vested with a capsule of connective tissue, sometimes 
a!s thick as the cell is wide, in which numerous nuclei 
are represented. These are Supposed to have no con- 
nexion whatever with the nerve-fibres passing near 
them, hTo thing could be morc^ unmeaning than many 
of the statements made concerning the structure of 
the sympathetic ganglion cells. Nevertheless, they 
are repeated again and again, and the old drawings 
of thirty years ago are adduced in support of doc- 
trines which are utterly untenable. 

Some writers still insist upon the existence of 
“apolar*’ and “unipolar’" nerve-cells in many parts 
of the nervous system, although tfle results of obser- 
vation positively prove the existence of two fibres in 
the case of cells which had •been previously regarded 
as unipolar and apolar. From the cells of the sym- 
pathetic ganglia of man and vertebrata several fibres 
proceed, and pass in different directions soon after 
they leave the cell. Bundles consisting of fibres 
from many different cells leave the ganglion from 

0 
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different parts ^ its surface, and pass by circnitons 
rontes towards^eir destination, each bundle being 
composed of fibres from many different cells situated 
in different parts of the ganglion.. 

Ganglia are extremely numerous in the sub-mucous 
tissue of the alimentary canal of all mammalia, and 
in the human subject multitudes may be demonstrated 
at short distances from one another. 

Connected with the nerves in the pelvis of the 
kidney 1 have also demonstrated numerous ganglia 
of the same kind. From every one of these, bindles 
of nSrve-fibres pass to be distributed to the cortex of 
thtf organ. The fine nerVe-fibres of the kidney are 
distributed to vessels and also to the uriniferous tubes. 

24^« Of saiisllon cells wltli a straight and 
spirdl fibre. — The structure of the ganglion cells 
, of the ganglia of the frog are remarkable. In the 
year 1863 1 presented a paper to the Royal Society, 
in which 1 showed that each cell possessed at least 
two fibres, and demonstrated the interesting fact that 
those fibres pursued opposite directions in the nerve 
trunks into which they passed, one apparently going 
towards an organ, while the other went away from it 
in an opposite direction. One of these fibres formed 
a beautiful spiral coil round the other. In some cells 
there was but one spiral turn, but in others as many 
as eight or ten could be counted, while in some again, 
which were probably the oldest cells, the spiral turns 
were still more numerous. The spiral fibre c(mes 
from the outer part of the hod/y of the celly <md the 
straight fibre from its central party so that the tissue of 
the first is in structural continuity with that of the lasty 
the body of the cell being composed of matter which may 
he said to be drawn off in one part to form the spiral, 
cmd in another to form the straight fibre, 

9I4S. Tht Views of Arnold nnd others.-— >Eaoh 
fibre had several bioplasts in its course, but these 
were more numerous in the spiral than in the straight 
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fibre, and were closest to one another in that part of 
the former which was still coiled roAd the cell, and 
formed, indeed, part of its substance. Some months 
after my paper appeared, J. Arnold, of Heidelberg, 
quite independently, and probably without having 
heard of my observations, described a spiral fibre in 
connection with the ganglion cells of the nerves of the 
frog’s lung, but in the drawings accompanying his 
memoir (Virchow’s Archw^ Band xxviii, plate x), 
both straight and spinal fibre remit from the division, 
of a single nerve fibre. In drawings illustrating a 
paper published in 1865 (Virchow’s Archiv, Band 
xxxii), two years after my memoir was completed^he 
gives examples in which the two fibres are delineated 
distinct from one another, and he further states (con- 
trary to my observations) that the straight fiSre ter- 
minates in the nucleolus, while the spiral fibre is made 
to commence in a network of fine fibres ramifying 
over the surface of the cell, which are traced up«to the 
nucleus. These drawings have a somewhat artificial 
lo6k about them which is n0t quite satisfactory. Sub- 
sequently Courvoisier and many other observers have 
studied the same subject, di^ering from me princi- 
pally as regards the origin of the fibres from the body 
of the cell, and from one another in several particu- 
lars. I have reinvestigated the matter, but have not 
seen appearances which will justify any modification 
of the conclusions detailed in my memoir. The ori- 
ginal specimen from which the figure — since copied 
into most of the text-books — was taken, may still be 
examined (^th objective, magnifying 1800 diameters), 
and the drawing may be compared with the prepa- 
ration. • 

New memoirs have more recently appeared in 
Germany, and some authors have expressed the 
opinion that my spiral fibre is connective tissue. It ' 
is not surprising that they should hAve looked at 
my drawings as the inventions of my imagination 

0 ^ 
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instead of being copies of what I had actnalljr seen, 
because it is qtwe certain, from their own representa- 
tions of the structures seen by them, that they had 
been studying most imperfect and unsatisfactory 
specimens. One might fairly expect that before an 
author ventured to upset the observations of another, 
he would take proper steps to obtain good prepara- 
tions. It is, however, quite unnecessary for me to 
reply to objectors or to try to convince sceptics, as 
the actual specimen from which my most complex 
ganglion cell was copied has been examined by a 
number of observers. 

;146. Probable nature of spherical and oval 
nerve-cells. — The oval and spherical cells charac- 
teristic of the sympathetic, of the ganglia on 
the pdftterior roots, &c., are seen at a very early 
period of development, and the ganglia in which 
*they are found are very large and advanced in deve- 
lopment as compared with other parts of the nervous 
system. At a time when these cells are well defined 
and probably active, the;^ caudate nerve^celle are bht 
small masses of bioplasm which may be easily passed 
over. In the lower yertebrata, when fully grown, 
these cells are many times larger than the caudate 
cells of the spinal cord, and in the ganglia of most 
invertebrata we find spherical and oval nerve-cells 
which, I believe, correspond with those under con- 
sideration. The early development of these .cells and 
their large size at a time when the caudate nerve-cells 
are not to be distinguished, their constant presence, 
their growth and multiplication in the adult and 
probably at an advanced age, and their peculiar 
structure — at least in some animals — ^^their situation 
as regards the, nerves to which they belong, and 
especially the fact that these are the only cells consti- 
tuting the nerve-centres upon which the rhythmic 
contraction of detached poisons of the cardiac mus- 
cular tissue depends, have led me to look upon them 
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as the sources of nervous power, whik I consider that 
the caudate nerve-cells are more procably concerned 
in the radiation of the nerve-currents.* 

My views concerning the arrangement and pro- 
bable mode of action of the two classes of cells will 
be understood if the diagrams in plate lY, be re- 
ferred to. The reader must suppose that the part of 
the diagram representing the periphery is situated 
at a great distance from the central cells, instead of 
very close to them, as indicated in the drawing. 
The explanation under each figure should be ^ead 
carefully. 

*41. Of the nerve current. — The nature of the 
nerve current is not known, but the general opinion 
of physiologists is, that it is some mode of for^ei per- 
haps, correlated with heat, electricity, <fec., but not 
exactly identical with any form or mode of energy* 
known or of which wo have as yet any experience. The 
arguments upon which this view is founded a’J)pear, 
however, to me very inconclusive. In the first place, 

I would ask, if it is reasonable for a scientific man to 
assume the existence of new modes or forms of force. 
Secondly, much of the evidenee we have unquestion- 
ably favours the view that the nerve current is elec- 
tricity, for many, indeed most, of the phenomena 
familiar to us may be explained upon this view. 
Lastly, some physiologists have sought to account for 
the wonderful phenomena of the nervous system by 
supposing that some force or power of a peculiar and 
exceptional kind is at work in nerve systems only. 
Now, I shall endeavour to show that if electricity could 
be made to travel in different directions, and the cur- 
rents combined in various \t^ay8 and made to traverse 
series of conducting cords very specially arranged, ac- 
cording to design, the phenomena of nervous action 
might be accounted for without resorting to the hypo- 

* See a paper ^ me in the “ Microscopical Journal” for 
Aprfi, 1869, and “ The Mystery of Life.” 
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thesis of the existence of a peculiar power, or of some 
new mode or form of force not yet discovered.* It is at 
least not improbable that the varying effects noticed 
in connection with the nervous system may be deter- 
mined by alterations in the intensity of the current, 
and in the conducting properties of the fibres, instead 
of being due to the transmission of different hinds of 
nerve force. One would have thought that it would 
be more in accordance with the doctrines of physical 
science to endeavour to explain the phenomena by the 
action of forces we know something about, than to 
attribute them to the influence of other forms or modes 
offforce which are purely* fanciful and fictitious. At 
any rate it will be time to call in the aid of such airy 
nothings when all attempts to explain the facts by 
known forces shall have failed. 

I* But it is interesting to notice how often minds 
of the most rigidly physical tendencies seize upon 
purely conjectural hypotheses, and use them as if 
they were established truths. It has been surmised 
fhat nerve action depends upon a chemical change 
which is supposed to take place in every part 
of the nerve fibre. Mr. Herbert Spencer settles the 
question in the most summary way by boldly assert- 
ing that the axis cylinder of a nerve consists of some 
colloid “ matter isomeiically transformed with ease.” 
He accounts for nerve action by suggesting that the 
protein substance of the axis cylinder “ is habitually 
changed from one of its isomeric states to another,” 

* Physicists and oboists see no difficulty wliateyer in as- 

suming the existence of many modes of force of which they can 
form no conception, and think it very satisfactory to refer phe- 
nom^lia which they cannot tinderstand to some at present 
undiscovered form or mode of ordinary motion ; but if any one 
attributes these same phenomena to the influence of some 
equally undiscovered form of force having no connexion what- 
ever with prim^ energy or' motion, he is ridiculed, because, 
say the physicists and chemists, ** there must be unity in 
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while he explains farther that the matter of the nerve 
cell is the seat “of destructive molecular changes 
and disengagement of motion I ** 

248. Chemical theory of the nerve current. — A 
chemical theory was long held concerning the nature 
of muscular action, but it was at last admitted, as 
was, indeed, apparent from the very first, that muscles 
would have to be destroyed and reformed at a far 
more rapid rate than it was on other grounds reason- 
able to suppose possible, if the great amount of energy 
manifested during their action was really due to 
chemical decomposition of the tissue of the muscle 
itself. There was, in fact, no evidence whatever, 
cept that which was distilled from the imagination of 
the chemist, for the conclusion that muscular tissue 
did undergo rapid disintegration and reconstrflction. 
From my own investigations of muscular fibres in 
various animals, I felt quite sure at the very time when 
these chemical doctrines were in high favour* that 
the conclusions were thoroughly erroneous. From 
the study of muscular tissue at different periods of 
development, and the consideration of various cir- 
cumstances connected with the growth of muscle and 
itH relation to other textures in a variety of animals, 
particularly in the class of insects, I was convinced 
that muscle was a slowly growing tissue, and that the 
work it performed was certainly not due to the 
chemical decomposition of its material particles. 
Nevertheless the fact of the change in the reaction of 
muscle fipom alkaline to acid is still urged in favour 
of the doctrine, and some have affirmed that a similar 
change occurs in nerve. In spite of the statements 
of liebreich, Heidenhain, .and other observers to 
the direct contrary, the view that nerve energy 
is stored up in chemical compounds which undergo 
chemical change during nerve action is still taught. 
That such an idea should be stated at aU betrays igno- 
rance of the character of the axis cylinder of the nerve 
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itself. If we examine the axis cylinder, say, of the 
sciatic nerve of a frog, what do we find ? — a firm, tongh, 
fibrous-like, flattened band, not easily torn, and evi- 
dently consisting of a tissue of slow growth ; — in fact, 
the very last characters we should expect to meet with 
in a tissue prone to rapid chemical change. Neither is 
a structure surrounded by ten times its thickness of 
oily matter (myelin) favourably situated for taking 
up new materials and quickly getting rid of products 
of decay. One of the least permeable substances in 
the body is the myelin of the nerve fibre, and yet 
through this must pass all the materials from the 
blgod to renovate the disintegrated axis cylinder, if 
nerve action is due to chemical change in the nerve 
fibre itself. 

240". The vibratory theory of nerve action. — 

Again, some think that nerve action depends upon 
the molecules of nerve fibres being thrown into 
vibrajiion, and the axis cylinder of a nerve has been 
spoken of as if it had been proved to consist of a 
chain or chains of very minute spherical particles. 
But the axis cylinder is not composed of matter 
which would more readily propagate motor impulses 
than the matter of ordinary fibrous tissue. Moreover, 
it varies much in character and in thickness in 
different parts of its course. The impulses supposed 
would be much modified during their transmission. 
This theory leaves one of the most important facts 
connected with nerve fibres unexplained; for upon 
such a supposition what purpose could be served by 
the very thick le^er of the white substance of 
Schwann, and in that part of the nerve only which 
lies between its central ^nd peripheral distribution ? 
Why do we find, moreover, that this investment is 
invariably so much thicker where a number of nerves 
run for a long distance parallel to one another than 
where they cross one another at considerable angles ? 

220* Experimental Investigation inconclusive. — 
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Most of those who have taken np the subject of nerve 
action from the experimental side, appear to have had 
a very imperfect acquaintance with the structure of 
the tissue upon which they were experimenting. The 
transmission of electric currents through the nerves 
after the death of a recently killed animal, is a very 
rough operation, and indeed very different in many 
particulars from the transmission of the natural cur- 
rents, whatever may be their nature, along the axis 
cylinder, while it remains in connexion with its cen- 
tral cells during the life of the animal. 

If we were to take a bundle of several marine 
cables, qind smear the gutta-percha investment care- 
lessly over the cut ends of the copper wire cores, at 
a distant part of the circuit, and then transmit a most 
powerful current through the deranged wire®, we 
should not find the needles acting as they did when 
very delicate currents were made to traverse an in- 
dividual wire. The differences observed might induce 
some to conclude that the current by which tlie in- 
strument was influenced in* the normal state, was, 
totally distinct in its nature from that much more 
powerful current which gave rise to the much greater 
but irregular and unmeaning* disturbances. This 
reasoning is applicable to the experiments in which 
strong electric currents have been transmitted along 
compound damaged nerve trunks. 

2S1. Fallacy of the arirument based upon the ex* 
cltabllity of nerve fibres. — It has been said that' the fact 
that nerve loses its excitability without losing its power 
of conducting electricity, is a fat^ objection to the 
doctrine that the nerve current transmitted during life 
is of the nature of electricityj But many things seem 
to have been entirely overlooked by those who urge 
this argument with so much confidence. Is it not 
obvious that soon after death, the bioplasm which is 
instrumental during its life in maintaining an equable 
flow of nutrient fluid through the tissue adjacent to 
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it, mnst cease to effect this important change P Is it 
not certain that in consequence the axis cylinder of a 
nerve-fibre must be much changed, and especially at 
the peripheral distribution of the fibres where they 
are very delicate and ramify naked upon the muscular 
tissue ? No wonder then that the muscles fail to 
respond to the stimulus as before. This fact is 
attributed to the nerve having lost its “ excitability,** 
but is it not more probable that the true explanation 
of the fact is, that in consequence of the change in 
the constitution of the nerve-fibre, resulting from the 
cessation of the currents of fluid through it con- 
sequent upon the death of the bioplasm, it fails to 
conduct the electrical current as* it did when in a 
state of integrity ? So far, therefore, from the .above 
fact being an argument against the idea that nerve 
force is really electricity, it actually affords support 
to this view. 

T}ie power of causing the muscles to contract when 
the nerve is irritated, is lost sooner if the nerve be 
irritated than if it be left at rest. It is increased by 
heat and decreased by cold. When the nerve is 
“ irritated the operation is such as would be certain 
to alter any structure so delicate as the peripheral 
ramifications of nerves and impair or destroy their 
conducting power. Dr. Rutherford has remarked 
that the nerves of a weak animal conduct faster than 
those of a strong one. “ The velocity is so great in 
this case that it may be scarcely measurable,’* a fact 
which, perhaps, may depend upon the circumstance 
that the conducting tissue is more moist. In weak 
animals the masses of bioplasm are much more 
abundant than in strong ones and the tissues contain 
a large quantity of fluid. The axis cylinder par- 
ticipates in this change, and in this way the remark- 
able irritability manifested may be accounted for. 

Again, it has been argued that because the irrita- 
bility of a nerve can be destroyed by the electrical 
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current, nerve cannot be a mere conductor of elec- 
tricity, and that nerves after death are as good cow- 
duGtors of electricity as during life, and that frozen 
nerves conduct electricity, though they will not trans- 
mit nervous energy. These objections are considered 
by many to be fahil to the idea that nerve force is 
after all only electricity. But a little consideration on 
the part of those who argue thus, would have con- 
vinced them that the facts above referred to are as 
easily explained upon the electrical as upon any other 
hypothesis of nerve action. 

Little can be gained from the argument that a ‘bit 
of nerve that has long been dead conducts electricity 
as well as a nerve just removed from a living animal ; 
for neither are much better or worse conductors than 
some other tissues of the body. We must rem&aber 
that in nature the thing that actually transmits the 
nerve current is the axis cylinder alone, but that in 
our experiments, we send comparatively strong jcur- 
rents through the white substance of Schwann and 
axis cylinders indiscriminately. The current deranges 
the axis cylinders, and of course seriously damages the 
delicate distal ramifications of the nerve fibres, § 230. 
No one who has seen and studied the ultimate rami- 
fications of nerve fibres in tissues, will ifappose for a 
moment that anything conclusive will be learnt con- 
cerning the action of nerves, by sending powerful 
electrical currents through damaged nerve trunks. 

2SX. Fallacy of the artrument deduced hroin the 
rate at which the nerve-current travels. — ^It has been 
said that the difference in the rate at which nerve 
energy and electricity travel, is enough to convince 
us that these two currents are not of the same nature. 
But the comparison as it has been instituted is not 
feir. Electricity as it travels along a copper wire has 
been contrasted with nerve energy (electricity) as it 
travels along a moist fibrous cord. No wonder that 
the rate at which the nerve current travels along the 
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nerves should he very slow as contrasted with the 
rate at which electricity traverses a co|)per wire, but 
such a fact by no means proves that nerve energy and 
electricity are very different. The nerve current, it 
has been proved, traverses not more than from 100 to 
300 feet in a second of time, while electricity, it is 
known, travels at the rate of many thousands of 
miles in a second. The deduction is, however, defec- 
tive, and in many ways. I would remark — 

1. A comparison is made between the passage of 
the nerve current along a moist tissue and the pas- 
sage of electricity along a copper wire. 

« 2. It must be borne* in mind that it is certain 
that if the nerve current were electricity, it would 
travel very slowly along such a structure as the axis 
cylinder. 

3. The rate at which a single axis cylinder trans- 
mits a current of electricity has not yet been ascer- 
tainf^d, but this is exactly the information we need 
before we can arrive at a correct conclusion. 

* 4. The rate at which electricity travels through 

such a moist tissue as the axis cylinder has to be 
ascertained and coijipared with the rate at which 
nerve energy is known to travel. 

I will onty remark further that no one has yet 
succeeded in showing that the nerve current is not 
electricity, while a great number of well-ascertained 
facts, especially those known in connection with the 
electrical organs of certain of the lower animals, are 
strongly in favour of this inference. 

2Sa. Of the actCon of the btoplasm of nerve-llhres. 
— But if conclusive proof had been afforded that the 
nerve current was electricity, we should not even in 
that case have ascertained the whole truth, and, in- 
deed, should have advanced but a little way towards 
a true explanation of nerve phenomena. Action and 
work are due not to force alone, but to the machinery 
by which the force is conditioned, and this is deter-* 
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mined in nerve organs by the arrangement of the 
fibres and centres — in short, by the form or structure 
of the nerve apparatus. And this form and structure 
are the result of a long series of changes of the most 
complex character, which cannot be fully explained 
in the present state of our knowledge, but can be 
proved to be dependent upon the bioplasm. And 
since it has been shown that the nervous system at 
an early period consists entirely of bioplasm, and 
that in the fully developed s^te there is much 
bioplasm associated -vsdth those parts of it which lye 
know to be most active, especially all nerve centres 
and all peripheral nerve orgaits, it is obvious that wtf 
cannot advance one step towards a true explanation 
of the phenomena until we have determined the ^act 
nature of the changes which occur in this bioplasm. 

A consideration of the facts renders it probable, 
that the nerve fibre in ail cases transmits the nerve 
current as a conductor, and that pressure, &c., upon toy 
part of its course will affect the rate of transmission 
of the current and the condifcting property of the 
fibre, but it is almost certain that the current (ictwilly 
originates in the hioplasmy or in jthe soft formed ma^ 
terial on its surface. 

That the masses of bioplasm, which I Have shown 
to be numerous in the fine nerve fibres of nerve 
organs, besides taking part in the formation of the 
fibres, are concerned in nervous action, appears there- 
fore to me probable from the following foots i — 

1. They are very numerous in the peripheral rami- 
fications cf all nerves. 

2. All special peripheral nerve organs, as the re- 
tina, the expansions of the olfactory and auditory 
nerves, the papilles of touch and taste, as well as the 
peripheral nervous expansions beneath sensitive mu- 
cous membranes, the skin, Ac., are xemarkable for 
the great number, and Bome of them for the large 
sizei of ihe masses of bioplasm. 
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8. The proportion of bioplasm is always very great 
in nerve centres, which are the principal seats of 
development of the nerve cnrrent. 

4. That where, as in the sensitive papilla upon the 
toe of the ‘frog, the nerve organ is more acutely 
sensitive (or more active in any other way) at one 
part of the year than at others, its increased activity 
IS associated with a great increase in the amount of 
the bioplasm. 

5. The principal change which takes place in a 
tejture which in health appears to be but slightly 
sensitive, and becomes eminently so when inflamed, 
ks the peritoneum, is a very great increase of the 
bioplasm which it contains, and this often proceeds 
to si^ch an extent that the ramiflcations of the nerves 
appear as lines of oval masses of bioplasm. In the 
.case of a tissue which in the healthy state gives no 
evidence of sensation, but which becomes acutely 
paiisful when inflamed, the feeling of pain is associated 
with, and probably is due to an increase of the bioplasm 

' of the nerves themselves as well as to the increase of 
the bioplasm of other tissues which would necessarily 
afiect the nerves by the mere pressure exerted upon 
them by the augmented bulk of material. 

In every nervous action bioplasm is concerned, 
and as the phenomena of bioplasm cannot be ade- 
quately accounted for by physics and chemistry, it 
follows that no nervous action can be attributed to 
physical and chemical change only. , 

sa4. Concerning the prohahle action of bioplasm 
of nerve. — I haveP^already shown that in all bioplasm 
the operation of some force or power of a nature 
difibrent from any form or mode of energy yet dis- 
covered must be admitted.* This unknown agency 

* See ** Protoplasm,*' “ The Mystery of Life,*’ ** Life Theo- 
ries and Religious Thought,** “ How to work with the 
Microscope,** and papers published daring the last twelve 
years. 
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acts Upon the material particles of which every mass of 
bioplasm consists, and induces changes in them which 
can neither be explained nor imitated. Every attempt 
hitherto made to show relationship between inorganic 
force and living force has absolutely failed. That 
there is a cozmection is believed and has been asserted 
over and over again, but there is not the shadow of 
reason for accepting the dogma that has been pro- 
mulgated. Men may be made to say that life is force, 
but no one has produced the slightest evidence for 
adopting such a belief. While, on the contrary, evqpy 
fact of life which we are able to investigate, leads 
us to the conclusion that, v^atever life may be, it 
cannot be ordinary energy, or any form or inode, or 
mood of ordinary energy of which physicists haye as 
yet any cognizance or conception. No form or mode 
of energy is known to occasion phenomena at all 
resembling those which are the consequence of the 
influence of life or vital force upon matter. K re- 
view of the general facts of living beings is not 
favourable to the idea of the universality of physical * 
action, while even the most ardent physicists have 
been forced to confess that they cannot explain 
mental phenomena in terms known to physics. But 
physicists are as much bound to confess that they 
are equally unable to explain the phenomena charac- 
teristic of any particle of living matter in nature. 

Now the bioplasm of certain parts of the nervous 
system is influenced in a definite manner, so that 
certain changes result in the nerve mechanism with 
which it is closely related. 

No doubt it is easy to explain by physics and 
chemistry the transmission of sf current ^ong the nerve 
fibres in many cases, especially, if it be admitted, 
and I am quite disposed to believe this to be the case, 
that the nerve current is electricity. The little bio- 
plasts are, we will suppose, the batteries where chemical 
changes occur and electricity is generated. But then 
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we must bear in mind that tbe very nerves tbrongh 
which the current passes were produced by the bio* 
plasm, and the bioplasm was instrumental in the 
arrangement of these nerves. The phenomena of the 
nervous system, the action of nerves, depend entirely 
upon the arrangement of the nerve fibres and the bio* 
plasts. Although, therefore, ibe nerve current may be 
due to chemical change, and the arrangement of the 
nerves might be accounted for by physical actions, both 
series of phenomena are dependent upon antecedent 
op,erations, which must be at lastrefeired to the direct 
influence exerted by the peculiar power which is 
‘associated with the matter of the bioplasm dt^inng 
its living state. The vital power of the bioplasin is 
the agency by which the positions of the molecules 
which at length constitute the nerve fibres’’ and 
•S,‘ nerve cells ” is determined, and this also causes the 
particles of matter to assume relations of such a 
natdre that by the mutual interaction of their material 
forces currents may be set free. 

ass. The vital power of the higrhest hloplasm. — In 
the highest bioplasm the vital power determines move- 
ments which by reacting upon a previously formed 
mechanism may give rise to the most complex phe- 
nomena. In the mental apparatus, the will ” is the 
“power” which determines the movements of the 
matter of the bioplasts taking part in the pheimnena 
of mind. This is a vital action, the highest vUa^mon 
with which we are acquainted, but clearly to' W in- 
cluded in the same category as the vital actionj^hich 
determine the active movement of the matter of the 
simplest forms of bioplasm, as, that of an amoeba, or 
a white blood-corpusdle, or other bioplast., The 
movements of this the highest form of bioplasm react 
upon a wonderfully elaborate apparatus, parts of which 
are in close relationship with the inentd bioplasts. 
Changes excited in the apparatus are the immediate 
consequence of the vital movements. These last only are 
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truly mental, while the expression of thought is but 
a result of the influence of the mental vital action, 
upon the mechanism concerned in expression, with- 
out which thought could not be rendered evident to 
another person. A great distinction must indeed be 
drawn between the thought and the ex^roasion of the 
thought. 

From the foregoing observations the reader will be 
led to conclude that I regard a nervous apparatus 
as consisting essentially of fine fibres and masses of 
bioplasm, which form uninterrupted circuits. The 
fibres are continuous with the bioplasts, of which 
some are central, some pcJripheral, and grow frdbi 
them. By chemical changes in the matter formed by 
the bioplasts electrical currents may be produced, and 
these traverse the fibres. The currents varying in 
intensity according to the changes in the nerve cqUs • 
would be affected by pressure upon the nerve cords 
which transmit them. Currents emanating frofh bio- 
plasts at one part of the circuit would influence the 
changes in the bioplasts in ahother party and the last 
react upon the first. 

The formation of, the nerve, fibres and cells — the 
construction of the nerve mechanism, must be referred 
to the properties or powers of the bioplasm which pre- 
ceded its formation. The action of the mechanism 
may be said to be due directly to physical and che- 
mical change, but the matter which is changed, it 
must be borne in mind, was formed by bioplasm, and 
owed its origin to bioplasm. The higher phenomena 
of the nervous system are probably due primarily to 
the movements of bioplasm by which some part of 
the nerve mechanism is acted upon. The movement 
of the bioplasm is vital^ occurs only during life, 
and is due to vital power — ^which vital power of this, 
the highest form of bioplasm in nature, is in fisict the 
living I. 


V 
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Miobosoopioal Sfecxmeks iixT7STBATiKa Lbotube IX. 

No. of diameten 

No. magnified. 

65. Ultimate nerve fibres, cornea. The bioplasm of the 

nerve is distinct from that of the cornea. . . . 215 

66. Ultimate pale nerve fibres, with bioplasm ; frog . . 215 

67. Fine nerve fibres with their bioplasts or nuclei; 

trunk of a nerve .. .. .. •• .. 215 

68. Bundles of nerve fibres and vessels ; frog . . • • 130 

69. Nerve fibres and ganglion cells ; frog . . . . 130 

70. Ganglia and nerve fibres, with small arteries ; green 

tree frog . . . . . . . , . . . . 40 

71. Nerve fibres and arteries ; green tree frog . . . . 40 

72. Nerve fibres and ganglion cells, green tree frog ; a 

, vessel crosses the specimen, in the lower part • . 215 

73. GangUon cell with straight and spiral nerve fibre ; 

green tree frog . . , . , . . . . . 700 

74. Lacge caiudate nerve cells in anterior cornu of grey 

matter; spinal cord .. .. .. 40 

75. Large caudate nerve cells; upper part of spinal 

** cord; dog .. .. .. .. *. .. 130 

76. Caudate nerve cells, grey matter of brain ; lamb . . 215 

77. ,, ,, „ dog •» .. 216 

78# ,, ,, cat » . • . 215 

79. „ „ „ human subject . . 216 

80. „ „ girl, aged 16 , . 215 

81. „ „ man, aged 60 . . 215 



LECTURE X. 


Of Muscular Tissue — Protoplasm of Muscle — Contrac- 
tile and Vital Movements — Contraction of Muscle — 
Voluntary and Involuntary Muscle — Unstriped or 
Involuntary Muscle; from tlie' Bladder ; from Arte- 
ries — Stnwture — Striated or Striped Muscle — The iio- 
plasm of Muscle — Formed material of Mmcle — Sar^ 
colemma — Development of Muscular Tissue — Changes 
occurring m old Muscular Tissue — Fatty Degenera- 
tion. 

2S6. Peculiar property of muscle. — phenom^ 
non lias been discovered in connection with the action 
of any of the tissues already considered, which at all 
resembles that which is the peculiar characteristic of 
muscle. Tn both muscle afld nerve “ molecular 
changes, remarkable for their rapidity and repetition, 
take place, the exact nature of which is still doubtful. 
Although these tissues are associated and intimately 
related to one another, it is doubtful if the changes 
in muscle and nerve are of the same kind. If in 
nervous action there is an actual movement of the 
particles of matter entering into the formation of the 
nerve fibre, the movements are more subtle, and of a 
different character ; nor are they eyident like those 
which occur in all contractile tissues. The striking 
alterations which take place when the muscle, or part 
of it, passes' from the state of rest into that of active 
'contraction, can be seen and measured while under 
the microscope. An actual shortening can be ob- 
served to take place in each elementary portion of 
muscular tissue every time it contracts. What the 
muscle loses in lengtn it gains in width, or nearly so, 
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for a little fluid is expressed from the substance of 
the contractile material during contraction, and taken 
up again as it. returns to the previous quiescent con- 
dition. The constant repetition of similar changes is 
characteristic of contractile tissues. 

The states ol rest, of partial contrciction, and com- 
plete contraction, are but different degrees of the self- 
same process of shortening of a delicate fibre. This 
contractile fibre perhaps consists of a passive basic 
substance of a fibrous character, through which is 
diffused a soft material prone to move in directions 
at right angles to one another, according to the 
manner in which external forces operate upon it. 
The changing substance upon which the alteration 
depeads can be expressed from the muscular tissue, 
and coagulates spontaneously like the fibrin of blood, 
^oung muscles yield a larger proportion of this 
material than old ones, but I do not think that it is 
derived solely from the bioplasm of muscle. 

^ 2SV. “ Protoplasm ” ^ of Muscle. — The contractile 
tissue of muscle has been considered to be a form of 
“protoplasm,” and muscular contraction has been 
attributed to the “ oontractile property, supposed to 
be potentially resident in the original elements of 
which the fibrin or protein matter is composed, just 
as the fluid property of water is to be referred to the 
properties of its constituent gases ! But protein is 
not contractile, nor is any variety of this passive sub- 
stance endowed with such a property as that which 
is characteristio of muscular tissue. Moreover, the 
living matter of Sn amoeba or white blood-corpuscle 
is further removed from protein than muscle itself. 
Albumen, fibrin, and a number of Other things, re- 
sult from the death of the living matter, but it would 
surely be deemed absurd to atmbute the property of 
living matter to the properties of the elements of the 
materials resulting from its death, § 17. Nor has 
any one yet shown that the contractile material of 
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muscle is the same substance, or even closely allied 
to the matter constituting the moving matter of any 
form of bioplasm. The bioplasm (nucleus) of muscle, 
its movements during the formation of muscular 
tissue, and the tissue or formed material produced by 
it, are represented in Plate IV, fig. 3, page 217. 

2S8. Contractility and vital movements. — The doc- 
trine that living matter and the contracting material 
of muscle are composed of the same substance, in the 
present state of knowledge, is untenable, and any one 
who examines muscle contracting, and compares ^the 
action with that of the living matter of an amoeba, a 
white blood-corpuscle or a pus-corpuscle undergoing 
its varied and very remarkable movements, will feel 
quite convinced that movements, difiering frojn one 
another in so many respects, cannot be due to one and 
the same property; nor will those who have actuary 
studied the phenomenon be inclined to class the latter, 
which have been shown to be vital movements, in the 
same category as movements referred to “contrac- 
tility.’* It must be obviouk to any one who con-* 
sidera the question, after having carefully observed 
the facts, that muscular contraction is a mere alterna- 
tion of movement, limited in direction as well as 
regards the degree of change. On the other hand, a 
mass of bioplasm mp,y move in any direction what- 
ever, and there is no limit to its movements. So 
varied are the vital movements of living matter, that 
the same mass probably never twice in its life assumes 
the same form. Moreover, the living matter may move 
itself in its entirety from one plac0 to another, while 
a portion of contractile tissue can only become short- 
ened and lengthened, but it Innst remain in the same 
place. In the first case one portion may move 
in advance of another portion, and in any direction, 
while in the contractile tissue, although one part may 
move in a direct line to or from another part, it is not 
possible for any particle to get before, or place itself 
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in f5pont of, another particle. A contractile tissue 
might he likened to a chain of beads, every bead 
being capable of becoming short and broad or long 
and narrow, but forced to retain, by reason of its 
connexions, its relative position with regard to every 
other bead. But the particles of a mass of living 
matter are not thus chained together. Each is free to 
move in any direction whatever, and the particles do 
not retain the same relative position for a moment. 
The movements of the muscular tissue, as regards 
dirgction, extent, and place, are limited, and are 
determined by external forces. The contractile cord 
may become shorter, causing its points of attachment 
to approximate, but it cannot move itself m its 
entirely. On the other hand, it is characteristic of 
living matter to move in any direction, and to pass 
^m one place to another, according to the operation 
OT forces acting from within the matter itself. 

There is, therefore, no analogy between the move- 
ments of living bioplasm and those of contractile 
'tissues formed from lining bioplasm. These move- 
ments are essentially different from one another, and 
cannot be classed together. Moreover, living matter 
takes up pabulum, and changes this or some of its 
constituents into living matter like itself, but under 
no circumstances, actual or conceivable, can the con- 
tractile tissue produce more contractile tissue like itself. 

250. Of studylno the contraction of muscular 
tissue. — ^The phenomena of contractility can be 
studied' more satisfactorily in the muscles of the 
common maggot s)r larva of the blow-fly than in 
those of any other animal I am acquainted with. The 
movements, which are Yery beautiful in these par- 
ticular muscles, continue even in hot weather for ten 
minutes or a quarter of an hour after the* muscles 
have been removed from the body of the recently 
killed animal. A specimen may be prepared and 
passed round the leoture-room. In the winter I have 
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known the contractions oontinne for upwards of half an 
hotr. But the most beautiful and instructive method, 
of examination is under the influence of polarized 
lightp with a plate of selenite. When the ground is 
the waves of contraction which pass along 
each muscular fibre in various directions, are of a 
brighji purple. In other parts of the field the com- 
plementary colours are reversed. There are few 
microj^pic objects, that I am acquainted with, more 
beautfful than this. With the aid of very high powers, 
the actual change occurring in the contractile tissue 
as it pisses from a state of relaxation to contraction, 
and fr^m this to relaxation* again, may be studied^ 
and for many minutes at a time. 

Muscjalar movements may also be observed in 
many bf the insect larvas, and, as suggested by 
Mr. Bdwman, in the muscular tissue removed from 
the legpf a young crab. In cold weather muscuKf 
movem^ts are never very vigorous, but they# con- 
tmue ftr a much longer time than during warm 
weatheij > 

Sometimes muscles continue to contract for some 
days afbr an animal has been “filled.” The muscles 
of cold-blooded vertebrata retain their contractility 
long aftir the brain has been destroyed or the head 
removed from the body, and insects may often be 
kept foj days after apparent death has taken place, 
and yet retain a degree of muscular contraction. 
Mr. Hflmes, of Horsham (in a letter to me in 
Februa/y, 1872), gives an interesting example in 
whic^ muscular contractility remised in a drone-fly 
fiftyfour hours after it had been decapitated and im- 
mersjd in spirits of wine for*three hours. Although 
so loig an interval of time had elapsed sufficient con- 
tractpty remained to permit the muscles to execute 
fo^lfcwo convulsive movements of the legs during 
thirtjl seconds. 

Th| character of muscular movements has been fully 
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described by Mr. Bowman in his well-known paver 
(Phil. Trans., 1841). The reader is also referred to 
Mr. Bowman’s article^ ‘‘Muscnl^ Motion,” in Todd’s 
Oyclopsedia of Anatomy and Physiology. / 

260 . 'Two kinds of muscle. — ^The contractile ma- 
terial of muscular tissue is arranged so as toiiorm 
fibres, plates, cords, or bands, varying much in dimen- 
sions and somewhat in minute structure. By ex^ina- 
tion with the aid of high magnifying powers Jte are 
enabled to distinguish the different kinds of mijBCular 
tissue, which may be arranged in two classes ^cord- 
in^' as the contractile tissue appears structure ess, or 
Qyhibits an appearance oOongitudinal striation, ^istinct 
transverse bars, striss, or stripes. The fibre* of the 
voluntanj muscles (or those the movements o| which 
can bb either excited or controlled by volition) as weH 
as the fibres of the heart, and some of those of the 
Tg&ophagus, are striped ; while all other mushles, in- 
cludjpg those of the alimentary canal, the utej^s, and 
bladder, all of which are involuntary^ are unsi^vped, 

« 261 . Unstrlped musrie. — The unstriped huscular 

tissue may be studied in many organs of vexebrata, 
but the most favourable situation known b me, is 
the bladder of the frog. In the thinnest parts of 
this extremely delicate membrane the muscultr fibres 
or fibre-cells form a single layer, and are oftm sepa- 
rated from one another, so that an indivi^al ele- 
mentary fibre may be followed from one end to the 
other. Bundles of these long spindled-shaped ele- 
mentary parts are arranged around all theyessels, 
but in the intercapj.llary spaces are numerous separate 
fibres which cross each other at various angles! and 
are so arranged that when they contract, the ana of^ 
the membrane is reduced in every direction. li the 
central part of each fibre or fibre^'Cell is the oval mass 
of bioplasm (nucleus), at either end of which ne'v^ con-‘ 
tractile material is produced as the fibre increabs in 
length. Prom these points the muscular jband; 




Bioplaam and formad material (oontracttle tissue) of striped muscle. Tlia 
l:>lopla«m is supposed to be moving in the direction of the arrow. At present it is 
between a and b, but it was once between b auad e. As it bss moved onwards, it 
baa formed a filament of contractile tissue in its wake. 
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becomes narrower, and at either extremity tapers into 
a tendinous thresid, which is inserted into, and is 
indeed continuous with, the connective tissue. The 
contractile matter itself appears perfectly smooth, and 
under the highest powers exhibits a very faint stria- 
tion in the longitudinal direction. In some of my 
specimens a fibre has been preserved in a state of 
contraction, when undulating swellings may be ob- 
served at short intervals, giving to the fibre a beaded 
appearance. (See the uppermost fibre in Fig. 1, plate 
V, page 217.) If the bladder be examined at different 
ages, the mode of growth of the muscular fibre cdlls 
in length and breadth will be understood, and in th« 
bladder that has grown old it will be found that many 
of the cells have degenerated into connective tissue. 
In the adult bladder even, young muscular fibre cells 
may be found, and the conversion of the contractile 
material into fibrous tissue demonstrated. ** * 

. 262 . muscular 61 ire«cells with three or more 
fibres. — The most remarkaHe muscular fibres are 
those which have three, f^, or even five tail-like < 
processes extending from the central triangular, 
quadrangular, or pentangular, mass of bioplasm. 
These are found in considerable number in the thin- 
nest parts of the bladder of the frog, hyla, and newt, 
which correspond to the intercapillary spaces. 

From the uterus of the white mouse some beauti- 
fully delicate spindle-shaped muscular fibre-cells may 
be obtained. The musclar coat of the stomach and 
small intestine of the same animal will also furnish 
the observer with good specimens fif muscular fibres. 
In order to isdate these bodies, soaking in dilute 
nitric add, tearing with needles, and other chemical 
and mechanical expedients have been recommended ; 
but in the thin membrane which constitutes the frog’s 
bladder these cells are isolated ready for observation. 
In the spaces between the vessels in specimens pre- 
pared according to the plan I have recommended, 
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numerons single cells may be seen and followed from 
one end to the other without difficulty. (Fig. 1, 
plate V, page 217.) 

208. Muscular flbre^cells of the arteries.; — ^Butof. 
all the forms ofunsfcriped muscle, that which encircles 
the small arteries and ramifies over the coats of the 
veins, is, in many respects, the most interesting, for 
by its influence the calibre of the small vessels is 
altered, and the amount of blood to flow through the 
capillaries of a particular tissue in a given time de- 
termined, and its movement regulated. If the 
pitessure employed in injecting the vessels artificially 
he very gradually increased, the smaller arterial tubes 
may be distended, so as to separate very slightly from 
one another the encircling muscular fibre cells ; and 
in fortunate specimens prepared in glycerine, I 
have succeeded in gently tearing asunder the vessel, 
as to display not only each individual muscular 
fibre cell with its bioplasm, but the nerve fibres dis- 
tributed to it. A good §xample of this is seen in Fig. 
2, plate y, page 217,^nd another in Fig. 4, plate 
XVI, § 12. The distribution of the nerves to these 
muscular fibres, and tjie arrangement of the mechanism 
by which the blood flow is varied, will, however, be 
further considered iii my last lecture. 

204. Striated or striped mu8cle.--^The fibres of 
'voluntary or striped muscle differ from those of the 
involuntary muscular tissue, in many particulars. 
They exhibit transverse as well as longitudinal mark- 
ings, and easily cleave or are split up in these direc- 
tions. The fibres t^ary very much in size and general 
arrangement in different animals, Ond in different 
muscles of the same animal. The elementary fibres 
of one muscle may be less than the ^^xr^h of an inch 
in width, while those of other muscles attain a 
diameter of as much as the -j^th of an inch. The 
elementary fibres of insect muscle exhibit the general 
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cliaracters of this beautiful texture very distinctly, 
and specimens may be prepared without difficulty. 

Striped or voluntary muscle may consist of wide 
or narrow fibres arranged perfectly parallel to one 
another, or the muscle may consist of two or more 
layers, the constituent fibres of which cross one 
another at right angles. In some cases the fibres are 
very irregularly arranged, and cross in various direc- 
tions. Striped muscular tissue also exists in the 
form of conical fibres which gradually taper towards 
one extremity into a tendon, Plate XIV, page 271. The 
fibre in some cases divides and subdivides almost lixe 
the branches of a tree, in which case it is terme^^t 
branching muscle. This is found in the frog’s tongue, 
page 271. Lastly, striped muscular tissue loq^v be 
arranged so as to form a net-work, a beautiffil ex- 
ample of which exists in the auricle of the frog’s hea^^ 

Structure of cm elementary fibre or fasciculus. 
good general idea of the structure of an elemeatary 
fibre of striped muscle will^ formed if a specimen 
from the large water-beetl^D^/f/^cws marginalise be* 
carefully examined. Here the transverse markings 
are seen upon a considerable scale, and the elementary 
fibre is very large, Fig. 3, plate VI, see also Fig. 1 . The 
contractile tissue has ruptured within the sarcolemma, 
and has cleaved transversely in several places. Two 
of Bowman’s discs are detached from the rest of the 
contractile tissue, and lie free in the tube of the sar- 
colemma. The masses of bioplasm concerned in 
their formation are seen in the centre of the disc, a. 
The contractile tissue, with the delicate closed tube of 
sarcolemma forming its outer limit, constitutes an 
elementary fibre or fasciculus of striped or voluntary 
muscle. The contractile material which occupies the 
tube of the sarcolemma may be split up in two direc- 
tions — longitudinally into fihrillcBe transversely 
into disJes — ^as was tot demonstrated by Bowman. 

In one specimen from the frog the contractile tissue 
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is fractured transversely. Shortly before death the 
spasm of the muscle was so violent as to cause its 
rupture, and portions of the broken and contracted 
sarcous matter may be seen within the sarcolemma 
of every fibre of the muscle. A corresponding ap- 
pearance is often seen in the inuscles of persons who 
nave died of tetanus. 

36 S« The bioplasm of mnscle. — The proportion of 
bioplasm or germinal matter to the formed material in 
fully formed muscular tissue is considerably less than 
in^many other textures — a fact which is conclusive 
in favour of the view that muscle is not a rapidly 
•changing tissue. Many years ago I taught, contrary 
to the chemical doctrine then in high favour, that 
muscplar contraction was not to be explained by 
the disintegration and oxidation of the tissue itself ; 
jind I also showed that the conjecture advanced from 
the' chemical side, namely, that muscular tissue was 
rem(r/ed and replaced within a very short period of 
time, was not supporjwi by facts. Those who 
'advocated this strang^ notion did not attempt to 
show how so large a quantity of a highly elaborate 
tissue was removed apd replaced. Had they inquired, 
they would soon have been convinced that no means 
existed by which the necessary amount of tissue 
could be replaced or developed within the time 
allowed. Further observation has, however, satisfied 
chemists that the conclusion was erroneous, and 
now a very different doctrine prevails, which, how- 
ever, if not equally untenable, is almost as impro- 
bable as that which it replaces. 

The larger size and greater nuihber of the masses 
of bioplasm in proporticm to the amount of tissue in 
young muscular fibres, as compared with fully deve- 
loped ones, is well seen in some of my specimens, par- 
ticularly No. 106, in which two elementary, muscular 
fibres—one from a pig at birth, and the other from a 
pig three months old--*hayp been mounted together 
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for comparison. StLch a specimen will, I think, con- 
vince^ any one that the masses of bioplasm are con- 
cerned in the production of the contractile material 
of muscle. By the accurate comparison of carefully 
prepared specimens of this kind, we are even able to 
form a notion of the rate of the growth, and to prove 
that muscular tissue is not formed very quickly, or 
its elements removed and replaced witl^n a short 
period of time. It is not improbable that in the 
higher vertebrata the very same elementaiy fibres 
continue in action for years. The idea that the con- 
tractile material is removed and replaced by new 
tissue within a few days or weeks is untenable, and* 
would not have been suggested by anv one who had 
taken the pains to acquaint himself wi3x well-known 
facts, unless he or had determined to ignore the results 
of anatomical obsei^vation altogether. ^ 

From what I have already stated, the reader will 
have inferred that the position of the masses . of 
bioplasm varies very much n^fferent kinds of striped 
muscle. In some forms’ we ^find a row of nearly 
spherical bioplasts in the very centre of the elementary 
fasciculus of contractile tissue;: in others an oval 
mass is seen at the side of a very long narrow fibre 
consisting of very few fibrilles ; and in many of the 
muscular fibres of various classes of vertebrata nu- 
merous oval masses are situated at short distances, and 
alternating with one another throughout the whole 
extent of the tissue within* the sarcolemma. This 
variation in position, and the* difference observed in 
the relative proportion of bioplasm and contractile 
tissue in muscles which act in the same "manner, lead 
me to infer that the bioplasm^ is not immediately con- 
cerned in muscular contraction. 

The living matter is instrumental in the formation 
of the original contractile tissue, and in the produc- 
tion of new tissue to take tlie place of that which is 
slowly removed, or .to be added to that which exists 

Q 
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in cases in which the muscle has to perform increased 
work. The living matter also determines currents of 
fluids towards it, and by its agency the contractile 
tissue is permeated in every part lay fresh portions of 
fluid which transudes through the vascular walls from 
the blood. 

It is very important to consider the exact relation 
of the bioplasm to the contractile material of muscle. 
From young growing muscle taken quite fresh and 
carefully prepared with the carmine fluid and 
qiounted in glycerine, bioplasm may be frequently 
detached with a portion of the sarcous tissue still 
"•adhering to it. If such a specimen be examined 
with a high power, it will be found that the bioplasm 
passes into soft granular material, and that this last is 
continuous with the contractile tissue of the muscle. 
, Jhe soft delicate substance which intervenes between 
the bioplasm and the contractile tissue consists of im- 
perfectly developed formed material. This, like all the 
contractile tissue already formed, was once in the 
state of bioplasm. As in other cases, while the for- 
mation of tissue is proceeding, we are able to point 
out the limng, growmg, mmmg hicyplaam, the vmrperfectly 
developed formed material^ and the fully formed tissue, 

266 . Formed material of muscle non-living. — The 
opinion is generally entertained that the contractile 
material of muscle is in its nature diflerent from the 
formed material of other tissues, but from what has 
been stated it will be seen that there is good reason 
for regarding the contractile tissue as a formed but 
non-living Substance possessing remarkable properties, 
but not manifesting any of those phenomena which 
are peculiar to matter in a li/ving state. While every 
one win agree with me in regarding the tissue of the 
fully formed hair, nail, and epidermis as non-living; 
and some will not sfrongly object to the* same view 
being applied to the formed material of bone, car- 
tilage, and white and yellow fibrous tissue ; few will 
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be disposed to go the length of placing in the same 
category as the above passive tissues, muscle and nerve- 
fibre. To these last textures mysterious vjtal pro- 
perties are assigned, and, strange to say, even by those 
who entertain the strongest opinions concerning the 
physical character of aWthe phenomena of living beings. 
Although neither muscular nor nerve tissue can pro- 
duce new texture — although each exhibits well-marked 
structv/re, and is destitute of every attribute of living 
matter, it is maintained that muscular contraction 
and the transmission of a current along a nerve-fibre 
are vital phenomena. 

Some, perhaps, may incline to the opinion that 
bioplasm exists diffused through the formed material 
of these textures, and that to it their wonderful pro- 
perties are entirely due. It is therefore desirable in 
this place to consider the possibility of such an 
arrangement in the case of muscle. The structure of 
unstriped muscle is smooth, or very slightly fibrous, 
but eAibits no indications oK^ontaining bioplasm in 
its substance. The tissue is not tinged with the car- 
mine fluid. It possesses all the general characters of 
formed material, and its relatiorf to the bioplasm is 
the same as that of the formed material of other 
tissues. The evidence is therefore against such a 
view as regards unstriped muscle. Neither is it pro- 
bable that in each sarcous particle of striped muscle 
there is a minute portion of bioplasm, because, in the 
first place, the living matter cannot be detected at an 
early period of the development of muscle; secondly, in 
infi^mation and in other morbid conditions in which 
the masses of bioplasm of tissues are much increased 
in size, no change is seen in the sarcous particles 
themselves ; thirdly, the lines of sarcous particles 
correspondiwith the wavy bands of the fibrous tissue 
of tendon, which unquestionably consist of formed 
material only ; and lastly, since the very transparent 
contracting tissues of some of the lower animals do 
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not contain bioplasm in tbeir ultimate fibrillse, there 
is good reason for concluding that there is no living 
matter in the substance of the higher forms of con- 
tractile tissue. The phenomenon of contractility 
characteristic of this class of tissues is therefore pro- 
bably due to changes in non-living formed material 
only, and is not in any way dependent for its mani- 
festation upon bioplasm. 

269. Sarcolemma. — The sarcolemma of muscle 
appears ad a transparent tube composed of very 
delicate membrane, figs. 1, 3, PI. VI, p. 222, which is 
thick in old and fully formed muscles, but very thin 
in young muscular fibtes, while during development, 
and in the case of some forms of ^ult muscular 
tissiv) (heart, tongue), no sarcolemma can be detected. 
Upon its outer surface the sarcolemma is connected 
with the delicate intermuscular connective tissue, 
with capillary vessels and nerve fibres, and in insects 
the*trachsB are adherent to it, and in some cases are 
almost embedded in itey^bstance. The greater num- 
ber of the masses of bioplasm on the surface of the 
sarcolemma of the muscles of vertebrata are those of 
the numerous nerves and capillary vessels distributed 
to the elementary fibre. These are extremely 
numerous upon the sarcolemma of the elementary 
muscular fibres of small rodents, as the mouse, but 
they are seen in connexion with the sarcolemma of 
almost all muscles. The masses of bioplasm, which 
I have proved belong to capillary vessels and nerves 
distributed to this tissue, have been generally re- 
garded as “ cx)nSLective tissue corpuscles,” and the 
same erroneous conclusion has been arrived at con- 
cerning the masses of bioplasm belonging to vessels 
and nerves distributed to many other tissues, and 
essenti^ to their formation, growth, and tption. 

fttmotnre, in wMtiL air tikbdi or timm Mm 
excessively minute nerve fibres ramify in immense 
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nmnberB. See my paper in the Transactions of the 

Microscopical Society, 1864.” 

SOS. Of the Junction of mnscle with tendon. — If 

an elementary muscular fibre attached to its tendon, 
taken from a properly prepared specimen, be ex- 
amined, it will be seen that the formed material of 
the muscle is directly continuous with that of the 
tendon, and that the oval masses of bioplasm bear to 
the formed material of the two textures respectively 
a similar relation. In specimen 96 these points are 
well illustrated, and the observer who considers care- 
fully the facts demonstrated in specimen 99 of de- 
veloping muscle, in 105 of y^ung and fully formed 
muscle, and in 104 showing the junction between 
muscle and tendon, will, I think, feel convinced that 
the formed material of muscle is produced by the 
bioplasm, and that for its development and growth 
muscle is dependent entirely upon this living sub- 
stance, which in the adult exists in very small 
proportion. \ 

2<I0. DcTelopment of muscutlir tissue. — ^At an early 
period of development the masses of bioplasm which 
take part in the development of striped muscle divide 
and subdivide so as to form rows. The delicate 


formed material which is produced upon the outer 
surface of these gradually acquires consistence and 
exhibits contractility. At first there are indications 
of faint longitudinal striations, but transverse mark- 
ings become visible as soon as the tube of contractile 


tissue thus produced acquires the thickness of about 
or of an inch. beautiful speci- 

*men of developing muscular fibre, in which all these 
points are clearly demonstrated, is seen in prep. 102, 
jfrom the calf at an early period of development, 
tow 

Sores ox a different structure. The full^ formed 
muscular fibres of some insects exhibit precisely the 
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characters of the embryonic fibres of the higher verte- 
brata. Some of the mnscnlar fibres of the adult 
frog and hyla have masses of bioplasm in the centre 
of the elementary fibre, as just described; so also 
have the mnscnlar fibres of the heart of the hnman 
snbject. The fibre increases in diameter by the forma- 
tion of new contractile tissne within, which is formed 
npon the enrface of the bioplasm, and the contractile 
tissne which had been prodnced previonsly is pnshed 
ontwards. Mamy mnscnlar fibres — ^as, for instance, 
those of the delicate mnscles of the eye of the smallest 
ahimals — exist at an early period as spindle-shaped 
.bodies, which taper at either extremity into the 
tendon. The large mass of bioplasm is in the centre, 
and is snrronnded by formed material, which gra- 
dnally accnmnlates npon its snrface and at ' its two 
extremities. Thns the fibre increases in thickness 
and length. 

IiL the connective tissne of the nose of the nearly 
fnll-grown mole (prep. j|^)3) the development of mns- 
cnlar fibre may be weK stndied, for in this sitnation 
are nnmerons bnndles of very narrow, bnt distinctly 
transversely striated, mnscnlar fibres, which taper at 
either extremity into tendons of great length which 
pass into the connective tissne. 

In most of the permanent elementary mnscnlar 
fibres of the higher vertebrate animals the masses of 
bioplasm are seen at intervals embedded in the con- 
tractile tissne, and disposed in mnch the same manner 
as the masses of bioplasm of tendon. In exceedingly 
fine fibres, an ovc^i mass of bioplasm is often present 
nipon one side only. In fibres of abont the ^^^th* 
of an inch in diameterv and apparently composed of 
only a very few fibrillas, I haVe seen the oval mass of 
bioplasm sitnated a short distance from the side of 
the contractile tissne, with which it was connected 
by a small quantity of ezoe^ngly delicate granular 
matteri exhibiting here and Siere indications of 
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transyerse markings contmuous with the transverse 
stries of the muscle, fig. 1 c, PL VI, pa^ 222. This deli- 
cate material* was no doubt contractile sarcous matter 
imperfectly formed,' which was gradually becoming 
condensed and assuming the characters and pro- 
perties of the adjacent contractile tissue with which 
it wafi; continuous ; and I was led to conclude that, 
durmg\the formation of the muscle, the oval mass of 
bioplas^ moved parallel with the fibre, giving rise to 
the nev tissue as it passed along, fig. 3, PI. V, 
page 21 1. Many appearances afterwards observed 
co^rmet this view. In the ordinary muscular fibres, 
as those cf the frog, which are well adapted for ob- ^ 
servation,\the oval nuclei in different parts of the 
fibre move upwards or downwards between several 
fibrillaa, ant thus form new muscular tissue in every 
part of the^ubstance of these large elementary fibres. 

S^O. Cliii^sres occurring In old muscular tissues. 
Fllirous deipneratlon of muscle. — In old musoular 
tissue the jroportion of bipplasm to the formed 
material isljiuch reduced, and in some cases the 
muscular fine appears to be destitute of bioplasm 
altogether, tt nevertheless retains its contractile 
power unimpiired. 

The propotion of tendon in connection with the 
muscular tissi^, as well as the thickness of the sarco- 
lemma, and tje quantity of connective tissue, gra- 
dually increase as age advances ; and in old age much 
of the muscular tissue is replaced by fibrous material. 
The contractiUmaterial of the muscle has degene- 
rated (?) into firous tissue. In this process the soft 
contractile maw, which, as Kuhne has shown, is 
fluid or semi-flu^, is absorbed, while an indistinctly 
fibrous basis st^tance remains. A similar change 
takes place after^e contractility of muscle has for 
some time been imaired, as results from many forms 
of nerve paralysii^and when the central nerve disease 
progresses very ^wly, a very great extent of mas- 
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cular tissne may pass into a state of fibrous d^^gene- 
ration. 

In unstriped muscle a corresponding change is 
noticed as the fibres advance in age. The yovng 
fibre-cells consist almost wholly of contractile matter, 
but the extremities which are attached to conn^tive 
tissue become gradually converted into fibroui ma- 
terial, and the change continues until the eutirf fibre- 
cell may be thus replaced, and is at last repr/sented 
by a passive fibre of connective tissue. / 

,291* Fatty deseneratlon.— -In this morbid c;(^ndition 
the contractile material in great part disapp/ars, and 
Hn its place oil granules and globules a^ found. 
Fatty degeneration does not appear to be a conse- 
quence of nerve paralysis, at least in tfe greater 
number of instances. It runs its course in a shorter 
p^iod of time than the fibrous degeneption. It 
occurs in unstriped muscle as well as in Ihe striped 
fibref and can always l;je observed in the atered mus- 
cular fibres of the uteru§i^fter parturitioif and in the 
’ tissues near the margilf of the placenta Rewards the 
end of the period of gestation. Fatty legeneration 
often affects a great .number of tissues /n the same 
individual. Nerves at the periphery and centre, 
ganglion cells, capillaries, arteries, veik coimective 
tissue, epithelium, cartilage, and even pone are not 
unfrequently affected by it, as well as jvery kind of 
muscular tissue. In many cases the Uty matter is 
first seen near the bioplasm, and resulufrom changes 
taking place in the imperfectly dewoped formed 
material, and in tke bioplasm it^lf a globules are 
not unfrequently found. It is pr^ble that the 
morbid change is in some cases depenent upon prior 
alterations in the composition of ti blood, which 
are themselves the consequence of iwre^r assimila- 
tion, or of the introduction into the rganism of more 
food than can be properly assimilate/; while in others 
it seems to be due rather to some tfP’ual changes in 
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the bioplasm which depend upon an irregnlarity in 
the order of occmrence of the developmental phe- 
nomena. 

Ilf some pathological alterations an adventitious 
texture is formed outside a vessel by the multiplica- 
tion of the masses of bioplasm of the tissue itself, as 
well as of the corpuscles resulting from the growth 
and detachment of buds or offsets from the white 
blood-corpuscles which have passed through the capil- 
lary walls with serous fluid (exudation). Coirections 
of bioplasm are thus formed which give rise to alt^a- 
tions in the neighbouring tissue. An elastic trans- 
parent tissue, such as that of the fibrous coat of all 
artery, would lose its elasticity, and, in consequence, 
become friable and rotten. Gradually the by)plasm 
itself undergoes change, and at last dies. Fatty 
matter, cholesterin, and earthy phosphates are am^ng 
the resulting products, and these remain outside or 
amongst the tissue of the vessel, interfering with the 
due perf ormance of its fun^tipn. 

Fatty degeneration takes ^lace in muscles that 
have remained for some time out of use, and in many 
of the lower animals it may be induced simply by 
keeping them in acid for some time. A beautiful 
example is represented in PL VI, figs. 4, 6, p. 222. The 
specimen of which this is a copy was taken from the 
abdominal muscle of a little hyla, or green tree frog, 
that had been kept many months in confinement. 
Not an indication of contmctile tissue remains. The 
whole contents of the sarcolemma have disappeared, 
and fat globtdes are seen to be substituted for them. 
The capillary vessels were still pervious, and blood 
was distributed to the muscld during life, fig. 5, PI. Yl, 
p. 222. It is clear, therefore, that the fatty change 
IS not due solely to insufficient supply of nutrient 
pabulum but depends upon other circumstances. 
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List gb Miobosoofioal SPBoncrors illustbativ^^ 
Leotubb X. 

No. of diameters 

Ko. magnified. 

82. Transvene section of muscular tissue of gizzard of 
bird ; shomng great regularity of the arrangement 
of the musctdar bundles which hare been divided 
transversely 40 

88. Unstriped muscle, arranged in bands; intestine, 

frog .. .. .• •• .. .. .. 130 

84. Thin membrane ; showing bands of unstriped mus- 

cular ^bros with vessels (injected blue). Frog. 
Numerous masses of bioplasm in connexion with 
. all the tissues . . . . . . . . . • 20 

85. Thin membrane, showing bands of unstriped mus- 
• cular fibres, with numerous masses of bioplasm. 

Frog 130 

86. Thin membrane, showing unstriped muscular fibre 

ojUs. Many of the masses of bioplasm are trim- 
gular, and some quadrangular^ with muscular 
. ^ fibre radiating from ea^ angle. Frog . . . . 216 

87* Unstriped muscular fibre cells, showing bioplasm 
/vnd termination of fibres of unstriped musme in 

connective tissue . • 216 

^ 88. Unstriped muscular flljre cells, with yessels. White 

mouse .. 216 

89. Arteiy, showing unstriped muscular fibre cells en- 

circling it, and nerw fibres. Chameleon . . 40 

90. Small arteries ; pia mater brain, showing unstriped 

muscular fibre cells encircling them . . . • l80 

91. Arteries and vein, with numerous small branches ; 

a bundle of fine nerve fibres is seen to the right 
of the artery 40 

92. Triangular muscular fibre colls from the aorta of 

the human subjeot. These much resemble some 
of the muscular fibre cells of the frog’s bladder 
described in prep. 86 . . . . . . . . 216 

98. Small artery, fr(^'; showing muscular fibre cells 
enoiroling it, with numerous nerve fibres rami- 
fying outside the muscular coat . . . • • • 216 

94. Sx]^ arteries with muscular fibre cells ; membrane 

of brain at an early period of development . . 216 
96. Artery tom lengthwise, showing in^vidual mus- 
cular fibre cells, with their masses of bioplasm . . 216 
96* Elementary fibres of striped muscle with yessels, 
newt* (5bserye the masses of bioplasm . • • • 40 
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No. of diameters' 

Sio. * magnified. 

97. Elementary muscular fibres of striped muscle, 

newt ; showing transverse striae and masses of 
bioplasm .. .. .. .. .. .. 215 

98. Elementary fibres of striped muscle ; pig . • 216 

99. Large and small elementary muscular fibres, frog ; 

showing numerous masses of bioplasm . . . . 215 

100. Elementary muscular fibre, water-beetle ; showing 

discs’* broken off within saroolemma and masses 
of bioplasm in the centre of the muscular discs . . 215 

101. Extremely fine muscular fibres, showing transverse 

markings and bioplasm. Green tree frog . . 215 

102. Striped muscular fibres of calf at a very early > 

period of development, showing large masses of 
bioplasm in centre of each fibre, as in insect 
muscle . . . . . • . • . . . . 215 

103. Tery fine striped muscular fibres tapering into 

delicate fibres of connective tissue. Nose of the 
mole . . . . . . . . . . • . . . 215 

104. Connexion between striped muscle and tendon. « 

Chameleon .. .. .. 215 

105. Muscular fibres of pig, at different ages. The fibres 

to the loft are from the pig at birth, and those to 
the right from a pig three tmonths old. In this 
short time each elementary Tibre has increased to 
more than twelve times its bulk, and it will be 
observed that the amount .of bioplasm corre- 
sponding to a given quantity of tissue is much 
greater in the youngest muscle . , . . . , 100 

106. Muscular fibres of heart of very fat pig, showing 

adipose tissue between them 130 

107. Striped muscular fibres in a state of fatty degene- 

ration 215 

108. Striped muscle. Hyla. Showing contractile ma- 

terial fractured within the tube of sarcolemma . . 130 

109. Elementary fibres of hyla, or green tree frog, in an 
. extreme state of iMj degeneratidh from a muscle 

which had long been inactive . . • • . . 220 
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LECTURE XI. 

Diairihution of Nerves to Muscular Tissue, and of the 
finest ramifications of Motor Nerves — Of the Nerves 
of Unstrvped Muscle — Of the Nerves of Stri/ped 
Muscle — Of the Tubular Nerve Fibres cmd of the 
Nerve Sheath — Ultimate Nerve-Fibres of Muscle — 
Memoirs on the Temdnation of Nerves in Muscle--^ 
Breast Muscle of the Frog — Nerves to the Muscles 
of the Hyla — Articulata — Of the Nerve-Tufts, 
Nerve-Eminences, or Nerven Hiigel — Distribution 
of Nerves to other Forms of Striped Muscle, the 
Tongue, Heart, and Lymphatic Hearts — Of the 
Finest Fibres that imfl/uence the Muscle — Beply to 
Criticism, 

Distribution of Nerves *to Involmitd/ry Muscle. 

%n. Distribution of nerves to the muscular fibres 
ana other tissues in the blaaaer of the fro^. — For 

the demonstration of the ultimate arrangement of 
the most minute nerve-fibres, there are very few 
textures which possess so many advantages as the 
bladder of the frog. It is so thin and transparent, 
that it may be regarded as a natural dissection and 
thinning-out of some of the most delicate tissues. 
The unstriped muscular fibres of this organ are ex- 
tremely fine, and in many places are well separated 
&om one another, so that fine nerve-fibres can be 
very distinctly seen in the intervals between them. 
Kg. 1, Plate V, page 217, 

With regard to the presence of nerve-fibres in 
involuntary muscle generally, I would remark that 
I have demonstrated fine nerve-fibres in so many 
different cases, that it is more in accordance with the 
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positive knowledge already gained to infer that they 
exist in relation with every form of this texture, even 
in cases in which we may still fail to demonstrate 
them, than to infer they are absent simply because 
we have failed to render them distinct. And as 1 
have detected nerves in every form of contractile 
tissue that I haye examined, I think it right to con- 
clude that contractile textures are invariably asso- 
ciated with nerves.* 

The bundles of dark-bordered fibres which may bo 
traced to the posterior part of the frog’s bladder 
divide and subdivide freely, spreading out in the 
form of a lax network. The fibres may be followed 
for some distance, and many may be traced to their 
ultimate distribution in the thin tissue of the bladder. 
Over a great part of the frog’s bladder, however, no 
dark-bordered fibres or bundles of moderately course 
fibres can be detected ; yet the organ is in every part 
very freely supplied with nerves. 

Bundles of excessively* fine fibres, first described 
by me,t may be traced running parallel with many 
of the small arteries, and may be seen to divide and 
subdivide into finer bundles, wJiich at length form a 
plexiform network. Here and there is seen a plexus 
composed of multitudes of very fine fibres, from 
which small bundles of fine fibres diverge in different 
directions. That very many of these fine fibres come 
from the numerous ganelion-cells found in connexion 
with the nerve- trunks there is no doubt ; and it is 
equally certain that many also result from the divi- 

* By contractile tiasue I mean a tiasue in which simple 
moyements like shortening and Ihogthening alternate with one 
another, each moyement being a mere repetition of the first 
moyement that occurred when the fonnatUm of the contractile 
tissue was complete. See page 214. 

t **On yery fine Nerye-fibres in Fibrous Tissues, and on 
Trimks composed of yery fine Fibres alone.*’ (Archiyes of 
Medidne, vol. iv.) See al^ paper in Phil. Trans., June, 1862. 
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sion and subdivision of dark-bordered fibres. ' But 
whether the large dark-bordered fibres seen in the 
nerve-trunks pass directly to their distribution in the 
bladder, or in the • first place become connected with 
ganglion-cells, it is difficult to decide with absolute 
certainty; I have, however, traced several of the 
large dark-bordered fibres directly from the trunks to 
their distribution, but even in these instances I am 
not prepared to assert that no branches pass to the 

f anglion-cells. My impression is that many of the 
bres do so, but that some pass to their distribution 
without being connected with ganglion-cells. I think 
fii probable that, of thv3 fibres resulting from the 
division of a dark-bordered fibre derived from the 
spinal ^cord, some may become connected with the 
ganglion- cells above referred to, while others pass to 
thqjr distribution in the bladder without being con- 
nected with these cells. . 

In the very thin membrane of which the walls of 
the frog’s bladder are cpiftposed we may follow out 
the distribution of nerVes — a, to the muscular tissue, 
6, to the surface of the mucous membrane, c, to the 
vessels, and d, to the- connective tissue. There is a 
network ramifying on the outer surface, from which 
fibres pass to supply all the tissues of the bladder. 

The muscular fibre-cells of the bladder itself and 
of the small arteries are crossed sometimes in two or 
three places by very fine nerve-fibres ; and not un- 
frequently the nerve-fibre runs parallel with the mus- 
cular fibre-cell for some distance. Fig. 1, PI. V, p. 217. 

Somjp of the most recent diuwings of this form of 
muscular tissue and the supposed arrangement of its 
nerves are very defective? J. Arnold, in his article on 
organic muscle in Strieker’s “Anatomy,” has given 
some not very satisfactory drawings of the muscular 
tissue from the frog’s bladder. His figures on page 
142, are evidently taken from bundles of muscular 
fibres. The delicate cells, isolated ready for obser- 
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vatioia in the thinnest part of the membrane, would 
have afforded far better objects for study ; but from 
his drawings it is doubtful if he has seen these. The 
fibre-cells in question would probably not be recog- 
nisable in his specimens. Had he seen them, he 
must have noticed the outlines of each individual 
muscular fibre-ceU, and would have observed the 
nerve-fibres crossing and recrossing them at inter- 
vals ; and I think he would have been convinced that 
the nerves passed over, under, and parallel with the 
muscular tissue, but did not penetrate into the con- 
tractile tissue or reach its nucleus. 

These nerve-fibres are extremely fine, and require 
very high powers for their demonstration. They are 
certainly not connected in any way either with the 
nucleus or with the contractile tissue of the muscular 
fibre. They cross the fibre either obliquely or^ at 
right angles ; and oftentmes a nerve-fibre runs for 
some distance parallel witn the muscular fibres The 
influence, therefore, exerted by the nerve-fibre cannot 
depend upon any continuit]^* of texture between iif 
and the contractile tissue, but is doubtless due to the 
passage of a current through tjie nerve, which deter- 
mines a temporary alteration in the relations to one 
another of the pai-ticles of which the contractile 
tissue consists. 

Upon the external surface of the lung of the frog 
muscular fibre-cells exist in small number, and to 
these a network of delicate nerve-fibres is distributed. 
These muscujar and nerve fibres are, however, much 
more highly developed upon th^ newt’s lung than 
upon that of the frog. The distribution of nerves to 
the muscular fibre cells of 4he arteries is described 
in Lecture XII, p. 296. 

Distribution of Nerves to Sf/ri/ped Muscle, 

298. Of the dark-berdered fibres distributed to 
volimtary muscle. — The plexiform arrangement of 
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nerye-tnu^ and nerve-fibres is one wbioh is- very 
mn^l, and was known even to the older anatomists. 
RlX,fig.2,p. 245. It can be demonstrated in many 
cases even by rough dissection. Plexuses exist not 
only in the case of nerves distributed to muscle, but, 
as far as is known, to every other tissue which re- 
ceives a supply of nerves. Many of these networks 
are very beautiful ; and the arrangement is illustrated 
in many of my figures, particularly in those repre- 
senting the bundles of dark-bordered nerve-fibres dis- 
tributed respectively to the diaphragm of the white 
mouse, Plate VII, fig. 1, the mylohyoid of the green 
ctree-frog, Plate VIII, ^fig. 1, and the eyelid of the 
same animal. The fibres constituting the bundles 
never run perfectly parallel, nor can a separate fibre 
usually be followed for any great distance. This arises 
from the fact that the fibres frequently cross one an- 
other, and are seen to pursue, a spiral course in many 
instances. At an early period of development one 
fibre may be seen coiled spirally round the other, as 
cis well shown in oneebf my drawings, fig. 2, Plate 
VIII. See also my paper “ On the Structure of the 
so-called Apolar, Unipolar, and Bipolar Nerve-cells,** 
Phil. Trans., 1863. The rule seetns to be universal 
that fibres on one side of a nerve-trunk cross over 
and pursue their course on the opposite side. Those 
on the lower part of a trunk soon pass to the upper 
part, and vice versa. Instead of a nerve passing to its 
distribution by the shortest ipute, it invariably seems 
to pursue a very circuitous course. Nor is the cross- 
ing of the nerv^fibres in the optic commissure 
peculiar to this part of the nervous system, but a 
similar arrangement is <to be met with in all nerves. 
At the point where two trunks seem to meet and 
. cross one another, it is easy to demonstrate, 1. Fibres 
pursuing a direct course. 2. Fibres crossing from 
one side to the other. Central commissural fibres. 
4. Peripheral commissu:^ fibres. 
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Uiviaiou Aud Bub-cliviaiori of aot'vo irnoks, and fortnatiou of piunary. secondary, 
and ujrtiary networks of davk-bovder«d nerve fioifs and networks of finer fibres upon 
l.bc diaphragm ot the white mouHe. At the right-hand corner ot the drawing, four ofthe 
inuHcnl.ar tlbri?« with their capUlanow. and some of the nervo tfbios are represented. 
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- Olviaion and aub-division of a dark-hordert-d nerve dbre near its terminal ramifica 
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The nciclel of the dark-bordered fibres are nearly equidistant and ranch closer 
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Tho dark-bordered fibres distributed to the muscles 
of the frog often divide into two finer fibres, as 
represented in several of my figures, Plate VII, 
fig. 2, and these at last divide into two very fine fibres, 
which may be followed for a long distance. See 
PL IX, fig. 4, and PI. XI, p. 253. The fine fibres 
appear pale and granular, and connected with them 
at varying intervals are bioplasts (nuclei). These 
pale nucleated fibres in the frog are often less than 
the of an inch in diameter. They are never- 

theless compound, consisting of bundles of still finer 
fibres. These in fact, although much narrower, corre- 
spond to the pale, granular, but nucleated intermus-’ 
cular nerves first described by me in the muscles of the 
mouse, Plate IX, fig. 1, copied from the Phil. TJrans., 
1860. The very fine compound fibres still continue 
to divide and subdivide, and assist to form plexuses 
and networks in precisely the same manner as the 
dark-bordered fibres, of which they are the confinua- 
tion. It is quite certain that t^iese pale fibres are true 
nerve-fibres, for they are directly continuous with the * 
dark-bordered fibres. In.stead of breaking up into 
one or more bundles of fine fibres, a dark-bordered 
fibre not unfrequently divides into a finer dark-bor- 
dered fibre, and a bundle of fine fibres, as represented 
in one of my drawings from the frog’s mesentery. 

S94. Of tbe tubular membrane or nerve»sheatfa. — 
As already stated, we find in the same nerve-trunk 
fine and coarse dark-bordered fibres, and we often 
observe exceedingly fine pale fibres running with 
dark-bordered fibres, § 235, the essential difierence 
between these two sets of fibres in the same trunk 
being that the former set i^ nearer to its ultimate 
distribution than the latter ; but in some instances it 
is probable that the fine fibre is a branch of the 
sympathetic. The fine fibre runs in the same trans- 
parent matrix (sheath) with the dark-bordered fibre. 
The idea of tubular membrane or sheath being an 

B 
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essential and separate anatomical constituent of every 
individual dark-bordered fibre must be given up. 
For, as I showed in 1860, several dark-bordered 
fibres and fine fibres might run together in the same 
matrix, PI. VII, fig. 2. The opinion that the fine 
fibres which I hold to be nerve-fibres running in the 
same sheath with the dark-bordered fibres, are not 
nerve-fibres at all, but modified connective tissue, is, 
however, still entertained by many observers, but the 
Mature of these fibres is proved by the fact of their 
continuity with true dark-bordered fibres. The fine 
fibre may in many instances be followed in one direc- 
tion to its ultimate distribution, and in the other to 
a large dark-bordered fibre.* 

2*75. Some pale tltires are from tlie sympathetic. — 
Many of the pale fibres accompanying the dark-bor- 

The different and incompatible views existing between 
continental observers and myself are in some measure due to 
this skeatb question. The so-callcd sheath is not a “ tube” or 
** membrane,** or “tubular fnembrano,” which contains the 
, other constituents of the ^erve-fibre j nor is it a sheath which 
invests them, but it is simply a transparent matrix^ in which 
nerve-fibres, coarse and fine, are imbedded. The so-called 
sheath is not formed as a special kructure to invest the nerve- 
fibres, but it results from changes occurring in the nerve-fibres 
themselves. This “ sheath’* or “ tubular membrane” of the so- 
called dark-bordered fibre precisely corresponds to the transpa- 
rent connective tissue, in which the fine nerve-fibres are im- 
bedded. It is a form of connective tissue, and in many situa- 
tions where nerves existed at an earlier period, nothing but this 
so-called sheath remains. All the soluble fatty matters have 
disappeared, and this material, which is not readily absorbed, 
is left behind. Vessels may waste, and ducts and glands may 
waste, and leave behfnd them the same sort of transparent con- 
nective tissue. Moreover, as I have before stated, it is 'alto- 
gether a jEallacy to suppose* that near the periphered distribu- 
tion, every single branch of nerve-fibre is surrounded by its own 
separate sheath. Most of the drawings of the so-called axis- 
cylinder near the terminal distribution of the nerves seem to me 
to be dia^mmatic, founded rather upon a theoretical* idea of 
the constitution of the nerve-fibre than upon the results of 
actual observation. 
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dered IBbres are doubtless sympathetic fibres, for it 
has been shown that there are fine fibres springing 
from ganglion-cells which retain the same character 
from their origin to their distribution, § 234. Not 
only has the nerve nature of the fine fibres above 
described been proved by tracing them from their 
connexion with ganglion-cells, but a dark-bordered 
fibre has often been oI)served to be drawn out so as 
to form a line as fine as these fine fibres. Indeed the 
observer often fails to trace an individual dark-bor- 
dered fibre for any great distance in consequence of 
its becoming exceedingly fine at the point where it 
crosses, or is crossed by othef dark-bordered fibres. 
Not only so, but where a bundle of comparatively 
wide dark- bordered fibres passes through a smal^aper- 
ture, as for example in a bone, the fibres appear, as it 
were, drawn out to exceedingly thin threads. • 

S96. Of the atstrlhutlon of the ultimate pale nu- 
cleated*’ nerve-fihres to t{ie elementary muiftular 
fibres. — Few anatomical questions have received of 
late years a larger share of attention than the ulti- * 
mate arrangement of nerve-fibres.in voluntary muscle. 
It is a matter of regret *to me that although I have 
studied the question in many ways during the last 
five years, my conclusions do not accord with those 
of any other observer. And I must admit that al- 
though the German writers differ from one another 
on very important points, they, nevertheless,' agree in 
this, that the nerves form mde^ pass into e7id~ organs^ 
or exhibit terminal extremities of some kind; while, 
on the other hand, my observations have led me to 
conclude, not only that nerves never terminate in ends 
in voluntary muscle^ hut that Ihere are no terminal eaj- 
iremUies or ends in any nerve orgari whatever. 

There is this further broad difference between 
foreign observers and myself, that while they con- 
sider that each elementary muscular fibre is very 
sparingly supplied with nerves — a very long fibre 

R 2 
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receiving, as is affirmed, nervous supply at on^ single 
point only — I have been led to conclude that every 
muscular fibre is crossed by very delicate nerve-fibres, 
frequently, and at short intervals, the intervals varying 
much in different cases, but, I believe, never being of 
greater extent than the intervals between the capillary 
vessels. 

KolUker’s conclusions. — With regard to the 
ultimate arrangement of nerves in muscle, the conclu- 
sions of Kolliker accord more nearly with my own 
than those of any other observer. (Compare Kolli- 
ker’ s statements in his Croonian Lecture delivered in 
1862, with the results stated in my paper, published 
in the Phil. Trans, for 1860.) Kolliker agrees with 
me in the opinion that the nerves lie upon the ex- 
ternal surface of the sarcolemma; but what he re- 
g^ds as ends or natural tmninatimis^ I believe to be 
more breaks or interruptions in fibres which in their 
natural state were prolonged continuously, PI. X, 

t a»38. Kiitane*s vlcws.'^My friend Kiihne of Heidel- 
berg, has probably published more . papers upon this 
vexed question than any other observer. He maintains 
that the nerve always passes through the sarcolemma 
and comes into direct contact with the contractile 
tissue,^ or ends in protoplasmic matter* which .is in 
continuity with the muscle, PI. X, figs. 3 and 4. He 
has, however, from time to time been* led to modify 
his view very materially, as the figures in his various 
memoirs, published between the years 1859 and 1864, 
will testify, PI. IX, fig- 3, PI* X, figs. 2, 4, 5. In his 
niemoir, published in 1862, he described minutely the 
structure of some very peculiar organs, which he stated 
had been demonstrated by him in connexion with the 

• Hxis view was first advanced bj Kiihne in 1869 (“ Unter 
suchungen fiber Bewe^ngen und Verfinderungen der contrac- 
tilen Substanzen,” Beichert und Du Bois Beymond’s irohiv, 
1860). 
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AND KUHNS. 



pHit ot oi.e D1 M’.kr ■ ■ wrrp'TTit'r.ij ihp nuj rrseil tfruiitmtion of <i dm*'- 

l.'orcl' ri-a tiiiiUlai ■ i •. i ! : 'o «-i: a ii.i.scMiui t.l le < : ili»: (MiaiD o.iu imiBcii-. Frog. i>. 



Portion of a muscular fibre. From the eye of 
a aog. tlie new form of ' eudkncnpe 

diecovf‘rJ|| by Kuhne, X‘ l.'O pp. 2£0. S62. 


elusion obviously erroneoux. 
Breset muscle, frog. X IfX). 
p. 288 . 


[351 




FLATS XL— ULTIMATE RAMIFICATIONS QF FINK NERVE FIBRES 
ON ELEMENTARY MUSCULAR FIBRES. 

• Fis?. 1. 




MEMOIRS PROM 1860 TO 1865. 


255 


pale terminal intramuscular branches of the nerve- 
fibres, PI. X, fig. 2. In more recent memoirs he seems 
to have abandoned the idea of the existence of those 
very peculiar bodies which he termed “ Xerven-End- 
knospen,** and with reason, since no other observer 
professes to have seen objects at all resembling those 
figured by Kiihne. I should, however, state that the 
later observations of Kiihne have in the main been 
supported by Engelmann and some other obervers. 

S90. Memoirs on the distribution of nerve to 
muscle from 1860 to 180S. 

Lionel S. Beale. On the distribution of Nerves to 
the Elementary Fibres of .Striped Muscle. — Phil. 
Trans., June, 1860. 

Kiihne. Note sur un nouvel organe du systeme 
nervenx. — Comptes rendus, Feb., 1861. • 

Kiihne. Ueber die peripherischen Endorgane der 
motorischen Nerven. — Leipzig, 1862. 

Theodor Margd. Ueber die Endigung der Nerven 
in der quergestfeften Muskelsubstanz. — Pest, 1862. 

Kolliker. Untersuchungen fiber die letzten Endi-» 
gungen der Nerven. — 1862. 

Lionel S. Beale. Further observations on the Dis- 
tribution of Nerves to the Elementary Fibres of 
Striped Muscle. — Phil. Trans., June, 1862. 

Ronget. Note sur la terminaison des nerfs moteurs 
dans les muscles chez les reptiles, les oiseaux et les 
maramiferes. — Comptes rendus, Sept. 20th, 1862 ; 
also Brown-Sdquard’s Journal, 1862. 

Naunyn. Ueber die angeblichen peripherischen 
Endorgane der motorischen ^Nervenfasem. — ^In 
Reichert und Du Bois Reymond^s Archiv, 1862, 
p. 481. 

Lionel S. Beale. On the Anatomy of Nerve-fibres 
and Cells, and on the ultimate Distribution of Nerve- 
fibres. — Quarterly Joum. of Mic. Science, April, 1863. 

Lionel S. Beale. Further observations in favour 

of the view that Nerve-fibres never end in Voluntary 
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Muscles. — Proceedings of the Royal Society, June 5, 
1863. 

Krause. Ueber die Endigung der Muskelnerven. 
— ^Henle und Pfeuffer’s Zeitschrift, 1863, p. 136. 

Th. W. Engelmann. TJeber die Endigungen der 
motoriscben Nerven in den quergestreifben Muskeln 
der Wirbelthiere, — Centralblatt f. d. Medic. Wis- 
sensch, 1863. 

Lionel S. Beale. Remarks on the recent observa- 
tions of Kiihne and Kolliker upon tbe termination of 
the Nerves in Voluntary Muscle. — ^Archives of Medi- 
cine, vol. iii, p. 25. 

Th. Wilhelm Engeln^ann. Untersuchungen iiber 
den Zusammenhang von Nery- und Muskelfaser. — 
Leipzig, 1863. 

Kuhiie. Ueber die Endigung der Nerven in den 
Muskeln. — ^Virchow’s Archiv, Band 27. 

Riihne. Die Muskolspindeln. — Virchow’s Archiv, 
Band ?8. 

Kiiliiie. Der Zusammerihang von Nerv- und Mus- 
Jcelfaser. — ;Virchow’s Arbhiv, Band 29. 

Lionel S. Beale. On the Structure and Formation 
of the Sarcolemma of Striped Muscle, and of the 
exact relation of the nerves, vessels, and air-tubes (in 
the case of insects) to the contractile tissue of Muscle. 
— Trans. Mic. Society, 1864. 

Rouget. Sur la terminaison des nerfs moteurs 
chez les Crustac^s et les Insectes. — Comptes rendus, 
Nov. 21, 1864. 

Lionel S. Beale. An Anatomical Controversy. 
The distribution of Nerves to Voluntary Muscle. Do 
nerves terminate in free ends, or do they invariably 
form circuits and never end ? — ^Archives of Medicine, 
vol, iv, 1865. Published separately: Churchill, 
London. 

S 80 . Blstributlon of nerves to the breast museie 
of the itog . — ^As the observations of Kolliker, Kiilme, 
and other observers in Germany, who differed from me, 
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were made upon the breaBt-musole of the fix)g, while 
my first inquiries were instituted upon the muscles of 
the white mouse, I subjected this particular muscle of 
the frog to the same process of investigation which I 
had previously adopted in my researches in 1858-59, 
which were published in 1860. The results of these 
investigations will bo understood reference to the 
drawings, which were printed in my paper published 
in the Philosophical Transactions for 1862. 

Although the results of this further inquiry (1862) 
were favourable to the view T had advanced, they 
were deficient in this most important point, viz., 
that the network which I had demonstrated over the 
elementary muscular fibres of the mouse, PI. IX., 
fig. 1, had not been conclusively demonstrated over 
the frog’s muscular fibres generally. Near the point 
where the dark-bordered fibre divided to form pale 
fibres, a network was easily demonstrated, PI. IX, ftg. 4, 
but it could not in many instances be traced for any 
great distance beyond tins point. The following con- 
clusions, however, were estabjished in this memoir : — 

1. That the nerve-fibres, as I had already stated 
and as had been confiijmed by Kolliker, were outside 
the sarcolemma. PL XI, figs! 1 and 2. 

2. That the fibres might be followed for a greater 
distance from the dark-bordered fibre than they had 
been traced before, if the specimens were . prepared 
according to the new method of investigation which 
I described. PI. XL 

3. The fine pale fibres were proved to be composed 
of several finer fibres, which resulted from the divi- 
sion of the dark-bordered fibre, las weU as from the 
division of the pale fibre ip the sheath of the nerve. 
PI. VII, fig. 2. The fine fibre accompanying the dark- 
bordered fibres are demonstrated for the first time* 
PL IX, fig. 4. 

4. Contrary to the statements of continental ob- 
servers, it was proved that the elementary muscular 
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fibres of the frog were crossed at n'wmerous points by 
nerve-fibres, and that the nerve supply to each 
elementary muscular fibre was much more free and 
uniform than had been supposed. This fact was 
demonstrated more especially in the thin muscles of 
the eye and in the mylohyoid of the frog. 

281. Blstrlbutlop of nerre fibres to the muscles of 
the Hyla, or nrreen-tree frogr. — ^Not satisfied with the 
results of my investigations, published in 1862, I 
examined numerous othw muscles of the frog and 
other animals, in the hope of being able to demon- 
strate the finest nerve fibres in every part of their 
course over the sarcolemina, but was not able to obtain 
any muscle in the common frog so thin that I could 
trace the finest branches over a very considerable 
extent ef surface. In the mylohyoid of the Hyla, 
however, I found a muscle eminently adapted for this 
investigation ; and on June 5th, 1863, 1 presented a 
paper to the Royal Society upon the arrangement of 
the nerves in this beautiful ^ muscle. This memoir is 
published in the “ Profiieedings.’* I have prepared 
many specimens in which the nerve can be followed 
from one undoubted nerve-trunjc to another, dividing 
and subdividing in its course, so as to form with 
other nerves a lax network of compound nucleated 
fibres, which compound fibres are often less than the 
VR'J’inr i^^ch in diameter. In PI. VIII, fig. 1, 1 
have given a sketch of this beautiful thin muscle, as 
it appears when examined under a low magnifying 
power. The vessels are injected. The nerve net- 
work is well seen, as it ramifies over the two layers 
of muscular fibres. ’ The elementary muscular fibres 
cross one another at right^angles. 

282. The distribution of nerves to the muscles of 
Artleulata. — The highly elaborate and rapid move- 
ments of insects would lead to the inference that in 
them the distribution of nerves to the muscles must 
be very free. The textures are, however, so very 
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deliq^te, and their structural elements so minute, that 
the difficulty of demonstration is very great. Kiihne’s 
memoir, published in the year 1860, related to the dis- 
tribution of nerves to the muscles of Hydrophilus piceits 
(Dytiscus). He represented the nerve as perforating 
the sarcolemma, and as distributed almost in a brtLeJi- 
like manner to the contractile tissue. Subsequently 
he thought the nerve was connected with the line of 
muscular nuclei ; but it was obvious that these were 
muscle nuclei, and not connected with nerves at all. 
The view was therefore abandoned, but some other 
observers have fallen into the same error. Although 
I have examined the muscles of many insects, and 
espepially those of the Hydrophilus^ I have been quite 
unable to confirm the conclusions concerning the 
brush-like distribution of the nerves. 

883. Blstrltoiitlon of nerves to the muscles of the 
mainpot. — For illustrating the distribution of ndtves 
to the muscles of insects, I will select the cpmmon 
maggot, the larva of the* blowfly. This insect can 
be obt>iined in all countries*ut almost all seasons of 
the year. 

By reference to my drawings^ it will be noticed that 
my conclusions accord in the most important par- 
ticulars with those arrived at in my earlier investiga- 
tions. The drawing out of the sarcolemma into a 
sort of eminence at the point where the nerve com- 
mences to ramify over it, is well seen. This has 
been mistaken for a special organ by Kiihne (Nerven- 
hiigel) ; and it has been inferred that the nerve per- 
forated the sarcolemma at this point. 

In his paper in the ‘ Comptes rendus * for Novem- 
ber 21, 1864, M. Roug^ in part confirms my 
statements regarding the structure .of Kiihne^s 
“ Doyere’schen Nervenhiigel,” and states that, at the 
Nervenhiigel, the nerve fibre divides into two fine 
fibres, which may be traced for some distance, but 
then terminate. **Leur eztr^znite terminale est 
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l^g^rement effilee; elle ne pr^sente ni plaques, ni 
noyanx, ni substance finement granuleuse.** 

The structure of these so-called Nervenhugel in 
insect-muscles was described and figured by me in a 
paper, accompanied by several drawings, read to the 
Microscopical Society on June 1, 1864, and published 
in the “Transactions** on October 1. Although 
M. Rouget agrees with me as respects the nature of 
the Nervenhiigel, we are at variance upon the farther 
course and mode of termination of the nerve-fibre, 
M. Rouget maintaining that it penetrates beneath 
the sarcolemma and terminates there in a very fine 
fibre, in contact with a very limited portion of the 
contractile tissue, while 1 have been able to traca the 
nerve for a long distance beyond the point at which 
ho makes it end, and have seen it dividing into very 
fine fibres, which form an extended network upon the 
sarcblemma, as represented iti PL XII, fig. 1, p. 263, to 
which f beg to direct special attention. Those nerves 
are excessively fine, like tho ultimate branches of the 
t^rachesB which I have detnonstrated in the same speci- 
men. The preparation from which the drawing was 
made was magnified nearly three thousand diameters. 
M. Rouget ’s researches lead him to conclude that the 
arrangement of the nerves in the muscles of Articulata 
is totally distinct from that met with in Vertebrata. 
“ II result de ces faits qu*il n’y a pas d*identit4 entre 
les divers modes de terminaison des fibres nerveuses 
motrices chez les vert6br6s et les articules.** On the 
other hand, my observations lead me to the conclu- 
sion that the arrangement is in its essential points 
the same in all classes of animals. In no case are 
there nerve-ends, but always plexuses or networks, 
which are never in structural continuity with the 
contractile tissue of the muscle. 

S84. Nerves to the museles of the leech. — I have 
particularly studied the arrangement and distribution 
of the nerves in the leech. The same &ots noticed 
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in p* 182 concerning tlie bramhing of nerve-fibres, 
are observed in the nerves of this animal; and I 
have been able to obtain many specimens of nerves 
which could hardly be distinguished from some of 
the finest dark-bordered fibres of the higher animals. 
Some of the muscular fibres of this animal are very 
thin, and are separated from onew another by con- 
siderable intervals, in which the ramification of ex- 
ceedingly delicate nerve-fibres can be readily detected, 
and the nerve-fibres can be followed to their con- 
nection with ganglion- cells. I have prepared many 
specimens of the muscles of the leech, and have made 
several drawings to illustrate these points. 

28&. Of the nerve-tufts, nerve-eminences, and 
Nervenhiisel, seen In connection with certain muscular 
nei:ves. — To Kiihne is undoubtedly due the Inerit of 
having observed the so-called end plates or end organs 
in voluntary muscle, and it is not surprising that he 
should have been led to regard them as the ^special 
nerve organs of this tisstie, and inferred that they 
were present in all muscles.** He has studied princif 
pally large muscular fibres, and considers these most 
favourable for observation, buji it seems not to have 
occurred to him that in consequence of the refractive 
power of the contractile tissue, the very fine nerve 
fibres, if present, would be completely obscured. I 
do not think he has yet formed the slightest idea of 
the general arrangement and great number of the fine 
nerve fibres in voluntary muscle as may be demon- 
strated, for example, in the delicate mylohyoid muscle 
of the hyla. At least, in the chanjeleon, several fibres 
are to be seen passing to and from each nerve tuft, 
but Kiihne has only figured a single dark-bordered 
fibre entering each tuft. 1 propose now td consider 
the structure of these peculiar so-called end-bodies 
in connection with the nerves distributed to the 
muscles of certain animals, and described by Kiihne, 
Bouget, Krause, and others. These differ from the 
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bodies first studied by Kolliker in the breast-moscle 
of the frog, which are referred to in p. 269. I have 
never been able to demonstrate such bodies as I am 
about to describe in the muscles of animals generally, 
although they are exceedingly distinct in the muscles 
of lizards, as shown by Rouget. I have demon- 
strated many in the cutaneous muscles of the neck, 
and in the muscles of the tongue of the chameleon, 
and shall carefully consider the structure of these. 

In the first place, I would remark that these bodies 
are external to the sarcolemma, though adhering inti- 
mately to it, as may be proved by examination of the 
the specimens. The course of the nerves to and from 
these bodies, PI. XII, fig. 2 ; PL XIII, figs. 1, 2, 3, 
renders it almost impossible that they could be beneath 
the sarCtolemma, while in many cases the outline of 
the sarcolemma can be followed underneath them, 
Sec6hdly, it appears probable that they are a re- 
duplicjvtion and expansion of continuous fibres, rather 
than terminal organs formed upon the extremities of 
the nerve- fibres ; noi* would it seem that these organs 
are essential to the action of nerves upon muscle, 
since they are only to be demonstrated in the muscles 
of certain animals. Moreover, as many different 
forms of these nerve organs are to be seen in a small 
piece of muscle, exhibiting different degrees of com- 
plexity, we may perhaps by studying them attentively 
be able to draw a true inference as to their real struc- 
ture, and the mode of their formation. PI. XII, fig. 2. 

Kiihne’s idea of the structure of these bodies is re- 
presented in the figures copied from his memoirs (PI. 
IX, fig. 3; PI. X, figs. 2, 3, 4). The inte^retation of 
the appearances here given is totalfr different from 
that which I have been led to offer. In my specimens 
the nerve-fibres entering into the formation of these 
tufts are seen to divide and subdivide into several 
branches which are folded, as it were, upon one 
another, PL XIII, figs. 1 and 2. The nuclei seem to 
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be connected with the finer branches of the nerve- 
fibres. In fact the so-called end-organ seems to consist 
partly of broad fibres, partly of fine fibres formed by 
the branching, spreading out, and coiling of the 
fibres resulting from the subdivision of the original 
nerve-fibres which enter into the formation of the 
tuft, PL XITI, figs. 1 and 2. Moreover, I have suc- 
ceeded in demonstrating that, from various points of 
the oyal coils, branches pass ofi* and run on the sur- 
face of the sarcolemma, probably passing on to other 
nerve-bundles. These fine fibres, which are repre- 
sented in my drawings, have not been delineated, as 
far as I am aware, by any* previous observer, who 
has examined these bodies. In connection with every 
nerve-tuft there seem, indeed, to be 1, entering^ and 2, 
emerging fibres ; note particularly the positive in- 
stance represented in fig. 2, PI. XIII, in which #the 
nerve-fibres can be traced to and from the “ tuft ” 
most distinctly ; and in ^the majority of in^ances, 
fine fibres may be traced fijorn* the tuft in several 
different directions. • * 

“ Nerve tufts ” are not terminal orgatis hut networks, 
— The nerve-tuft conSsts of a complex network of 
fibres, the meshes of which are very small. Connected 
with the fine nerve- fibres are numerous masses of 
bioplasm or nuclei. The plexus or network consti- 
tuting the nerve-tuft is not terminal, nor does it 
result from the branching of a single fibre, as has 
been represented. Many fibres enter into its forma- 
tion; and from various parts of it long fine fibres 
pass off to be distributed upon •the surface of the 
sarcolemma. 

It seems most probable that at the situation. of 
these compressed coils (nerve tufts) the contraction 
of the muscular fibre would commence, and that, 
from the nerve-current traversing several fibres col- 
lected over a comparatively small portion of muscle, 
the contraction at these spots would be sudden and 
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violent, while it is probable that the contractions' com- 
mencing at these points would extend, as it were, 
from them along the fibre in opposite directions. 

I consider these nerve-tuffs therefore simply as 
collections of nerve-fibres, differing only from the 
ordinary arrangement before described, somewhat in 
the same manner' as the compressed nerve-network in 
a highly sensitive papilla differs from the lax ex- 
panded nerve-network in the almost insensitive con- 
nective tissue. 

280. — Distribution of nerve fibres to the element 
tary muscular fibres. — The individual muscular fibres 
of the tongue of the chameleon are separated from 
one another by a distance greater than their diameter, 
so tha]b the finest nerve fibres can be seen, in the 
intervals between them and traced over or under them 
without difficulty. In my specimens many of the 
so-called “nerve tufts’* can be discerned, but in 
every Instance more thai^ one individual nerve fibre 
can be traced to the , tuft, and it can be demon- 
'strated that the “tuff consists of continuous fibres, 
exhibiting various degrees of coiling. It is not a 
terminal organ connected with the end of a single 
fibre. Fix)m every one of these “ nerve tufts ” fibres 
may be traced and followed for a considerable dis- 
tance over many muscular fibres beyond. Plate XII, 
fig. 2 ; Plate XIII, figs. 1, 2, 3. There are no ends 
nor terminations. 

281. — ^Nerve tufts exceptional. — It seems to me most 
probable that these bodies are exceptional and not 
present in all muscles, nor essential to voluntary 
muscle generally. As in other tissues the peripheral 
arrangement of the nerVes in voluntary muscle is a 
continuous network, in which the nearest approach 
to an “end” or “termination” is a loop. Kiihne 
is, I think, wrong in concluding that the nerve tuft is 
situated beneath the sarcolemma and is in contact with 
the contractile tissue. Like many of the nerves these 
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bo<l[es adhere to the sarcolemma, but are certainly 
not in intimate relation with the contractile materi^ 
of the muscle. The course of the exceedingly fine 
nerve fibres of the chameleon can be followed without 
difficulty over perhaps thirty or more muscular fibres 
and their connection with the nei^ve bioplasts de- 
monstrated The general conclusfons I have arrived 
at from investigating the structure of these bodies 
accord very closely with those resulting from in- 
vestigations upon other tissues. 

S88. — Of the so-called ** nerve tults ” In the breast 
muscle of the fro*. — With reference to the nerves 
supplying the so-called ndrve tufts in the breast 
muscle of the frog, I would remark — 

1. That two dark-bordered nerve fibres, jpunning 

in the same sheath, may often be traced to one part 
of the “ nerve tuft.” ^ 

2. Besides the dark-bordered fibre or fibres, there 

are invariably very fine ^bres running in ifte same 
sheath. • 

3. That the dark-bordered fibres and the accomi 
panying fine fibres divide and subdivide very freely 
amongst the young muscular* fibres, aiid that thus 
quite a leash of very fine nerve fibres results, in the 
course of which numerous nuclei exist at certain 
intervals. Many of these can be followed upon or 
between the muscular fibres, for the distance of the 
twentieth of an inch or more from the oval swelling. 
These points were well seen in some of my specimens. 

4. That the dark- bordered fibre or fibres which 
enter at the tuft are not the onl'^ nerve fibres distri- 
buted to these bundles of muscular fibres, but that 
invariably a bundle, consistmg of two or three fine 
but dark-bordered fibres, is connected with the mus- 
cular fibres, at a point above or below that at which 
the swelling is situated,' where the large fibre or 
fibres enter. Sometimes there are two such bundles, 
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one above and one below. These not nnfreqneiitly 
give off branches, just before they pass to the mus- 
cular bundle, which pursue a longer course, and are 
distributed to other larger muscular fibres ; and often- 
times blanches pass from one muscular bundle to 
more distant ones. 

From the above' observations it follows that the so- 
called “nerve-tufts ” in the breast muscle of the frog 
are bodies of a very complex structure. They consist of 
developing muscular fibres, which are freely supplied 
with nerves ; and the number and distribution of the 
nerves render it probable, not only that there are 
entering and emerging fibres, nerve-loops, and plexuses, 
or networks, upon the muscular fibres, rather than free 
ends, bi^it that the action of the new muscular fibres 
may be harmonized with those of the older elementary 
muscular fibres of the muscle by branches of nerve 
fibres which are probably commissural. 

989/ Of tbe arranuremefit of the nerve-fibres tn 
other forms of stiipe^ muscle^ as the branching 
fibres of tbe tongue, th^ muscular fibres of the heart, 
and lymphatic hearts of the ITon* — To certain forms 
of striped fnuscle' in which iio distinct membranous 
tube of sarcolemma can be demonstrated, nerves are 
freely distributed ; but all attempts to demonstrate 
end-organs or terminal extremities in such textures 
have hitherto failed. In -the heart the existence of 
delicate nerve-fibres arranged to form networks is 
distinct; and perhaps the most favourable locality 
for demonstrating these fibres is the auricle of the 
frog^s heart. Bupdles of exceedingly fine nerve- 
fibres, much resembling those in the bladder, can be 
seen running in differeht directions and branching 
amongst the delicate networks of exceedingly fine 
muscidar fibres. Very fine fibres may be observed in 
thin specimens with the aid of high powers, crossing 
the fine muscular fibres at different angles, then 
dipping down in the intervals between ^em^ and 
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bein^oon lost in consequence of their ramification 
in the dee^r layers. 

In the drawing represented in PI. XIV, fig. 2, the 
relation of the nerve-fibre to the finest part of some 
of the branching muscles of the tongue of the frog 
is represented; and I have observed an arrange- 
ment precisely similar in the case • of the muscular 
walls of the lymphatic hearts of the same animal. 
The very thin and narrow muscular fibres of the 
heart and tongue would appear to offer very many 
advantages for the demonstration of ends and end- 
organs, supposing them to exist ; but the most careful 
observation under the most favourable circumstances, 
and with the aid of the highest powers, reveals only 
delicate nucleated nerve-fibres, forming lax networks, 
branches of which may often be followed for ^ very 
long distance, and then traced into neighbouring 
nerve- trunk 8. Some fine branches of nerve-fibres 

which are in course of development are reprefented 
in Fig. 1, pi. XIA^. Musdhlar fibres and connective 
tissue are seen in the same specimen which is mag- , 
nified 700 diameters. 

280.* The finest neiwe-fihre\ which Infinenee the 

miificle. — The active part of the nerve-fibre, as regards 
the elementary muscular fibre, commences only at the 
point where the dark-bordered character of the nerve- 
fibre ceases, and it therefetre follows that the most 
important and most active portion of the peripheral 
nerve-fibres distributed to muscle, has escaped the 
observation of many observers. The fibres are ex- 
tremely delicate, and, like other very fine nerve-fibres, 
can only be rendered visible by Special methods of 
preparation. Every nerve-fibre, however .fine, is 
compound, being composed of several fine fibres. 

** Nuclei are invariably found in relation with these 
fibres, and they vary in number in different cases. 

From the roregoing observations I conclude that 
the nerve-fibres which are to be regarded as the 

s 
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fibres of distribation are far more delicate and ("iniich 
finer than has been hitherto supposed. The remarks 
which I make on this head with reference to the 
ultimate nerve-fibres distributed to voluntary muscle, 
will apply to the ultimate nerve-fibres distributed to 
other organs. 

In mammalia the ultimate fibres appear as narrow, 
long, slightly granular, and scarcely visible bands 
with oval masses of bioplasm, situated at short but 
varying intervals, as described in my paper published 
in the Phil. Trans, for 1860. In many reptiles (frog, 
newt, lizard, snake, chameleon), however, these ulti- 
mate nerve-fibres are narrower but much firmer than 
in mammalia; and they are more readily demon- 
strated, as they do not give way under the influence 
of considerable pressure and stretching. Although 
firi^ nerve 'fibres have been described in certain 
situations before I drew attention to these fine pale 
nucleated fibres in muscle, it was not generally sup- 
posed that the active peripheral portion of nerves ex- 
liibitcd these characters ; nor indeed has this fact 
yet received the assent of many distinguished anato- 
mists. The arrangement of the fine nerve-fibres in 
the summit of the papillm of the frog’s tongue, 
described in nay last paper presented to the Royal 
Society (Phil. Trans. June, 1864), and in the mucous 
membrane of the human epiglottis, will, I venture to 
think, tend to convince many that the really active 
peripheral portion of the nervous system consists of 
excessively 'fine nucleated nerve-fibres arranged as a 
plexiform network [1865]. 

mameter of the hnest nerve-fllires of musele. 
-—With reference to the diameter of these finest 
branches of the nerve-fibres, many can be demon- 
strated and followed for long distances which are 
loss than the ^ diameter; and 

there is reasoi| to think that fibres much finer than 
this actually exist, and serve as efficient ctmductors 
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of iii^ressioiis to and from nerve centres and peri- 
pheral parts. (See Fig^. 2, pi. XIV, in which verj 
fine mnscnlar nerve- fibres are represented magnified 
eighteen hundred diameters.) 

S 91 . Reply to adverse critlelsms. — Professor 
Kiihne, of Heidelberg, is ond of the foremost in con- 
demning the conclusions I have arrived at concern- 
ing the general arrangement of nerve fibres, and 
although he has not seen the fine fibres above re- 
ferred to, he expresses himself most positively, and 
at least as regards tlie nerves of voluntary muscle, 
as if it were absolutely certain that he alone was 
right. Bnt Kiihne has himself propounded three or 
four different views. The first and the last differ 
very widely. One would have thought that the 
freedom exercised by him in altering his own conclu- 
sions would have induced care as regards critici^ng 
those of other observers ; but ho speaks as if he were 
an infallible authority dictating the only true faith. 

It has been maintained iliaf in voluntary muscle a 
dark-bordered fibre as wide or*wider than the muscu- • 
lar fibres in the mylolyoid of the green tree frog, 
may pass direct to the terminal* organ, while on the 
other hand, it is admitted that in the involuntary 
muscle extremely fine nerve fibres — far finer than 
any seen by Kiihiie in voluntary muscle, exist. On 
the other hand my preparations demonstrated that 
the nerve fibres in voluntary and in involuntary 
muscle possess the same general arrangement, and 
are equally delicate. If we accept the conclusions 
now most in favour, we must adm^ that the distribu- 
tion of nerves to voluntary muscle is far less abundant 
than in the case of involunih.ry muscular fibre ; and 
this, notwithstanding the fact that as an elal^rate 
working machine, the former is beyond all com- 
parison superior to the latter. Some anatomists 
would have' us believe that of all tissues, voluntary 
muscle receives in a given area the fewest nerves, 

s2 
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while to a single epithelial cell some auth<illnties 
maintain that man^ fibres are distributed ; — ^in short 
we are expected to believe that a tissue every part 
of which we know to be eminently under the influence 
of the nervous system, receives very few nerves as 
compared with such a body as an epithelial cell of a 
glandular organs As every one well knows, the 
structure and action of voluntary muscle actually 
depend upon the state of the nerves; — while it is 
certain that at least in very many cases the most 
complex secretions are formed without the existence 
of a nervous apparatus at all. 

The fine pale nucleated nerve fibres which I was 
the first to describe, exist in all tissues, and consti- 
tute the active part of every peripheral nerve ap- 
paratus. Certain appearances have very recently 
led^some anatomists to the conclusion, that these 
very fine nerve fibres give ofl* still finer ones, which 
become continuous with the processes of the connec- 
tive tissue corpuscles, the* tails of epithelial cells, or 
.pass into these bodies in considerable number, or 
terminate in fine free extremities ; but I think this 
view will prove to ..be incorrect. When I first 
studied the arrangement of the fine nerve fibres, I 
was myself led towards a similar conclusion, but sub- 
sequent more careful observations upon well-prepared 
and exceedingly thin specimens of tissue, examined 
with the aid of the and convinced me that the 
nerve fibres did not enter or become continuous with 
the above structures;* and although there is still 
much doubt on several questions of detail, with re- 
l^rd to the arran^ment of the finest nerve fibres 
in some special organs, Aew facts demonstrated from 

* That I had most carefully studied and made myself familiar 
with the appearance of the finest ramifications of nerres is 
prored by the statements in my paper on the nerves of insect 
musde, published in 1864. See fig. 1, H. XII. Having seen 
these excessively fine fibres, it was but natural I should' search 
for delicate fibres in the tissues of man and the higher animals. 
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timey> time, confirm me in the truth of the general 
views I have advanced on the arrangement of nerves 
in peripheral organs. That an observer should assert 
that in muscle the dark-bordered nerve fibres end 
almost abruptly in the nerve plates, and yet hold 
that in other tissues the ultimate nerve fibres are so 


minute that many pass into a single epithelial cell 
is most remarkable ; but nevertheless many German 
anatomists, undoubtedly, having great authority, 
maintain that there is nothing inconsistent in accep- 
ing both statements, an opinion which could not, I 
think, be adopted by any one who had succeeded in 
following, as I have done, in several different tissues 
of the frog, newt, and other animals the fine ramifi- 
cations of the pale nucleated nerve fibres. [1868.] 


No. 


List op Microscopical Specimens illustratino 
* Lecture XI. ^ 

No. of diameters 
ma^ified. 


110. Unstriped muscle. Bladder, frog. Showing 

plexuses and networks of irge dark-bordered 
nerve-fibres. . . . . . * . . . . . , 215 

111. Unstriped muscle. Bladder, frog. Showing di- 

vision of terminal portion of dark-bordered fibre 
into pale fibres, which form a net-work . . . . 700 

112. Unstriped muscle. Bladder, frog. Showing ulti- 

mate networks of fine pale compound nerve-fibres 
with their bioplasts 700 

113. Three muscular fibres from the bladder of the frog. 

Showing the ultimate distribution of the finest 
nerve-fibres 1800 

114. Fine pale nerve-fibres, distributed to unstriped 

muscular fibres of small arteiy ; frog , . . . 215 

115. Division and distribution of bundlie of dark-bor- 

dered nerve-fibres. Pectoral muscle, frog . . 215 


116. Distribution of fine dark-bofdered nerve-fibres to 

very fine muscular fibres. Mylohyoid muscle. 

Hyla 215 

117. Fine dark-bordered and pale fibres, distributed to 

very fine muscular fibres of mylohyoid. Hyla . . 700 

118. Distribution of dark-bordered nerve-fibres to the 

pectoral cnuscle of the frog. The continuations 
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No. of ^iineters 

No. mai^fied. 

of. the dark-bordered nerve-fibrea as fine pale 
fibres with nuclei in the intervals can be clearly 
demonstrated in this specimen. KbUiker thinks 
these soon cease and thus form ends, page 250, 
but in my specimens they may be followed much 
further tlian Kdlliker succeeded in tracing them, 
and observaVons upon other muscles of the same 
animal render it certain that these very fine nu- 
cleated fibres come into close contact with the 
sarcolemma and ramify over every part of the 
surface of the elementary fibre . . . . . . 220 

119. Ultimate division of dark-bordered fibre into pale 

fibres, which ramify on sarcolemma. Elementary 
muscular fibre ; pectoral, frog . . . . . . 215 

120. Fine pale nerve-fibres distributed to striped mus- 

cle ; auricle of frog’s heart. The ganglion cells 
are also seen . . . . . . . . . . , • 215 

121. ' Sf’riped muscle. Distribution of fine nerve-fibres 

in connective tissue of striped imiscle ; hyla . . 215 

121?. Distribution of bundles of nerves and vessels j thin 

muscle. Chameleon . . . , . . . . 215 

123. Distribution of finest nprve-fibres to elementary 

muscular fibres. Chameleon. Showing supposed 
‘end organs’ .• 215 

124. Distribution of nerve fibres to the elementary mus- 

cular fibres. Chameleon. i-The individual mus- 
cular fibres are separated from one another by 
more than their diameter so that the finest nerve- 
fibres can be seen in the intervals between them 
and tmcMsd over or under them without difiiculty. 

In this specimen many of the so-called ‘ nerve- 
, tufts,’ or ‘ end-organs,* can bo discerned, but in 
almost every instance more than one individual 
nervo-fibro can be traced to the tuft. It seems 
more probable that the tuft consists of continuous 
fibres, much ceiled and convoluted, than that it 
is a terminal organ connected with the end of a 
single nerve-fibre. iFrom every one of these 
‘nerve-tufts* fibres ma/be traced and followed 
for a considerable distance over many muecular 
fibrte beyond* Tlie arrangement will be under- 
stood if the figs, in plates XII and XTII, pages 
263, 265, be oaiefully studied. There are no ends 
or terminations whatever . . . . . . 700 
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No. of diameters 

Nb. , magnified. 

125. Distribution of nerve-fibres, with highly convoluted 

ramifications and bioplasts, constituting the * end- 
organs.* Muscle of white mouse . . . . 215 

126. Nerve -fibres with ‘end-organs.* Muscular fiibres 

of rat . . . . . . . . . . . . 700 

127. Ultimate distribution of fine pale nerve-fibres to 

voluntary muscle. Frog. In the.oentre of the 
field is seen a branching muscular fibre, the fibres 
resulting from the sul^vieion of the muscular 
trunk, gradually taper into thin threads, which 
are inserted into the connective tissue. Networks 
of pale nerve-fibres are seen in all parts of the 
preparation, but the muscular tissue has been 
' removed . . . . . . . . . . 220 

128. Yltimate distribution of finest nerves as networks 

and plexuses in the mylohyoid muscle of the hyla or 

n n tree frog. These fibres are very narrow, and 
he same time each is separated by a distidbt 
iitterval from its neighbours. See pi. VlII, fig. 1. 

^e state of things is, therefore, very favourable 
the observation of the ‘ end-organs’ if they are 
plesent. I have never Jbeen able to discover dte 
ir this beautiful example, of voluntary muscle, 
tlpugh I have found theurin many other speci- 
nins of muscle. Nerve-fibres may bo traced for 
aPirrunense (Ustanee from the bundles of dark- 
bodered fibres. Gradually they become less than 
therirsSmT diameter, but still divide 

an(*, subdivide into fine threads with oval bio- 
pla^ or nuclei at intervals, which, now running 
parilel with the muscular fibre, then crossing it, 
divi^ into brandies, some of which after purw- 
ing Ueiy long course may at last be traced to a 
daikbordercd fibre in another part of the muscle. 

I ha^ succeeded in doing this in many different 
speckens. The failure of others to obtain speci- 
men^xhibiting the same appelranoes no doubt 
depaib upon a very diffyant method of investi- 
gatioShaving been pUtsued. Anatomists for the 
most art have not only failed to observe wbat 1 
have teu, but maiw have not yet succeeded in 
demokratiog the fine pale nucleated fibres I de- 
monstkted Imig ago in almost every tissue of the 

700 
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LECTURE XII. 

Of the Blood-vessels and their action — Oirculation of 
the Blood — Importance of a knowledge of the Stntc^ 
tare of Vessels — Vieivs regarding the Structure of the 
Capillaries — Frotoplasm Walls of Gapillanj Vejsels 
— Bioplasm of the Capillaries — Action of the Tissue 
of the Capillary Walls — Action of the Bioplasm~Of 
the Arteries — Of the Weins — Examinaiion f the 
Arteries and Veins — Actmi of the Contractile fibres 
of Vessels — Distribution of Nerves to Arteries — )Ieirves 
to Veim — Of the Nerves distributed to the Ipapil- 
la^ies — Central Origin and Connections of the Serves 
to the Capillaries — New Observations on the Nerves 
of the Capillaries of the fiaVs-vnng — MethQ\ of de- 
monstration — Action of the Nerves of the C/pillary 
— Are they Seimtive, or Motor, NuinivCj or 
Secretory f — Their Connection ivith Ganglii — Bhy- 
siological Experinientc — Of the Self-acting Mchanism 
by ivhich the Supiply of Blood to the Tissuesis Regu- 
lated — Action of Nerve Fibres in Acfute Infl^nmation 
— Alt&ration of Nerve Fibres in Chranic JSseases — 
Degeneration of Vessels. j 

202. Circulation of tlie blood In tlie ych^Is. — T he 

nutrition and maintenance, as well as the rowth, of 
every tissue in the body of vertebrate a^mals are 
dependent entirely 'upon the distiibution/of a due 
supply of healthy blood nin their immedilte neigh- 
bourhood. The blood docs* not touch tbt tissue to 
bo nourished, but fluid transudes through the thin 
walls of the vessels along which the blod is pro- 
pelled. This is imbibed by the tissue, andpeing kept 
constantly moving in its interstices, prj.erves the 
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tisstl^s in a state of integrity, and prevents changes 
whicn would very soon take place if the fluid were 
perfectly stagnant. From the materials held in solu- 
tion the living matter embedded in the tissue selects 
certain constituents, and the fluid deprived of these 
flows on, at last passing back again into the blood. 
Its place in the tissue is soon taken^by a fresh portion 
of fluid which flows from the blood. The rate at 
which this nutrient fluid moves, as well as the amount 
distributed to the tissue in a given time, is determined 
in part by the influence of the living matter drawing it 
onwards (vis a fvonte)^ and in part by the late at which 
the blood flows through the, vessels and the degree 
of tension of the thin vascular walls. The amount 
of fluid distributed to the tissue varies from time to 
time, according to the force of the heart’s •action, 
according to the quantity of blood in the body which 
is not always the same, the state of the arterial ebats, 
the calibre of the smaller arteries, and a nuyiber of 
other circumstances. • 

In page 24, the course whikh the blood takes as it 
is driven thix)ugh the heart has been indicated, if 
is there stated that the*blood is driven into the large 
arteries (aorta to the system, pulmonary artery to the 
lungs) by the contraction of the muscular walls of 
the ventricles of the heart. The force of contraction 
is more than is sufficient simply to drive the blood 
onwards at the rate at which it is flowing tjjrough 
the capillary vessels, and the great arteries are con- 
sequently temporarily distended, their walls, which 
are elastic, being stretched. As soon as the contrac- 
tion of the muscular walls of tile heart ceases, the 
elastic arterial parietes recoil upon the column of blood, 
forcing it in opposite directions, back again towards the 
ventricle which it has just left, and onwards towards 
the capillaries it is about to enter. As the blood 
which tends to be driven back into the ventricle of 
the heart iil^pinges upon the lips and fills the valves 
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situated at the origin of the large arteries, and c^.ases 
these to flap towards one another, and close the 
arterial aperture, the recoil force of the elastic walls 
of the vessel is spent entirely in urging the blood 
towards the capillaries. This is the explanation of 
the fact well-known of the continuous flow of the 
blood in the capillary vessels, as proved by the unin- 
terrupted oozing which occurs when the skin in any 
part of the body is cut or pricked, while in the small 
arteries it flows by successive jets corresponding to 
the beats of the heart, as is shown when an artery of 
a living animal is cut open. 

The blood having trt^versed the capillary vessels 
passes into the minute veins which at length unite 
to form the two great veins of the body (venae cavae) 
which «.open into the right — or venous — auricle of 
the heart. From the right auricle the venous blood 
pa85ios into the right ventricle, which drives it into 
the pulmonary artery and the capillaries of the lung. 
After ii has been aerated by traversing the capillaries 
spread out upon the pnltnonary air-cells, it is collected 
by pulmonary veins which open into the left auricle 
of the heart. From the left auricle the blood passes 
into the left ventricle, by which it is pumped into the 
acirta and the arteries of the body which come off 
from this large primitive trunk. 

Derangement of any part of the important apparatus 
concerjjed in the circulation of the blood may indi- 
rectly give rise to disease either by alteration induced 
in the composition or distribution of the nutrient fluid 
or in some other manner. But of all the morbid 
affections of the chrgans of circulation those which 
affect the most minute ^arteries, the capillaries and 
smaller veins are the most common, most obscure, 
but by no means the least serious. For although life^ 
is not often suddenly cut short by minute structural 
changes occurring in these vessels, death is none the 
less certain to take place. Structural af d too often 
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incl^able morbid alterations in important tissues and 
organs are thus brought about. It is, therefore, of 
essential importance for us to consider the structure of 
the vessels and the manner in which they act. This 
information is the first step towards a conception of 
the physiological changes which are occurring in man 
and the higher animals during ea^h moment of life, 
and without it, it is not possible to foim a correct 
notion of tlu5 simplest general pathological change. 

203. Iniiiortance of a knowledi^e of structure of 
vesselM. — Without a knowledge of the structure and 
action of the vcsstjls it is not possible to form an 
accurate notion even of tly) process of nutrition as 
it is carried on in man and the higher animals. 
Not only is the efpiahle distribution of nutrient fluid 
dependent upon a healthy state of the organs of the 
vascular systt^ni, but the blood cannot retain its nor- 
mal composition for long if the structure of th(f little 
vessels through which it passes be modified in |iny great 
degree. Hitherto little attention has been paid to the 
changes in character of thb walls of the capillarigs 
in various conditions, but there are few matters of 
greater importance m connection with the study of 
disease and the determination of the precise alterations 
which [)recede tlie irrecovemble loss of normal struc- 
tural characters. 

234. Views reirardlnflr tbe structure of the capil- 
larlcH. — A capillary has been regarded as^ simple 
elastic tube', the walls of which are readily permeable 
to fluid in both directions, which act, in fact, as a sort 
of filter, permitting nutrient matter in solution to flow 
through from the blood ; and th8 products of the dis- 
integration and decay of tissues dissolved in fluid, to 
flow in the opposite direction towards and into the 
blood. This view was in harmony with the general 
physico-chemicfil doctrines taught with such zeal in 
all departments of physiology a few years ago, when 
nutrition ^as regarded as a process akin to crystal- 
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lization, and anatomical elements (cells) were suppf^sed 
to be deposited from an albuminous solution (cell stuff), 
jast as a crystal is deposited from its mother liquor. 
Of late, however, very different conclusions have been 
arrived at, and accepted even by those who still 
adhere to the doctrines of purely physical physiology. 
It has long been ad^nitted that capillary vessels possess 
“ nuclei,” though the office performed by these bodies 
had not been conclusively determined. Some thought 
the nuclei belonged to an epithelium Iming the capil- 
lary vessels, but every one who studied the formation 
of capillaries must have satisfied himself at any rate 
that these “ nuclei ” bone the same relation to the 
tissue of the capillary wall as the “ nuclei ” of other 
tissues bore to the particular texture in which they 
were embedded. In 1865, however, Hozier, Auer- 
bach, Eberth, Aeby, andChrzonszczewsky,* by means 
of nitrate of silver, showed that the capillary wall was 
made up of flat elongated epithelium-like particles, 
much dentatod at the margins, and each having a 
njucleus. The nitrate of silver gave rise to a black 
lino at the point of junction of the several particles, 
and this fact led observers to conclude that the vessel 
was made of epithelial cells. 

Between these particles some think they have 
demonstrated the openings through which, according 
to their opinion, red and white blood corpuscles nftght 
escape the vessels. It was well known that 
blood corpuscles did, under certain circumstances, 
pass through the vascular walls. It was argued that 
such bodies could escape only through actual orifices, 
and the discovery of the stomata through which it 
was concluded they did pcfiss, soon followed. 

SO&. Protoplasm walls of caplllarieik — But lately, 
the matter has entered yet another phase. We are 

• See Eberth*B Article, Blood'Tessels,” Strickej’e Anatomy, 
New Sydenham Society. 
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told*|by Strieker himself, that “ the finer capillaries 
consist only of a tube composed of cells or of a 
cylindrical layer of protoplasm.” From such a 
statement I must dissent, for I have studied, very 
carefiilly, the “ finer capillaries ” in several tissues 
and organs, and ‘have never seen one in any animal to 
which such a description could be •fairly given. At 
a very early period of development, of course, 
capillaries, like all other structures of the body, con- 
sist of what has been called “protoplasm,” but 
when formed, the wall of the capillaries consists of a 
material to which the term “ protoplasm ” cannot be 
correctly applied. At one •time the exigencies of 
favourite doctrines rendered imperative the discovery 
of openings in tlie capillary walls, and the stomata of 
the fancy were soon developed into “ facts.” * 

Later, however, other philosophical requirements 
had to be provided for. The walls of the capillaries 
being protoplasmic, must also be contractUc^ and 
Eberth declares that “the capillary wall u contractile,” 
and announces that Strieker spaw the capillaries “ con^ 
tract to such an extent (!) that not even a single file 
of blood corpuscles could traverse them,” as if he were 
reporting some new and highly important discovery 
recently made by that investigator. The fact had 
been, observed by hosts of observers long before 
Strieker saw the change, though it was explained in 
a different manner. It seemed hardly neceftaRry to 
attribute it to the active property of cantractility of 
the capillaries, supposed to reside in the protoplasmic 
matter, supposed to constitute the wall of the vessels. 
But Strieker has seen small “looplike projections 
raise themselves (!) from the wall of the capillaries 
and again become retra(;ted;” and Eberth remarks 
that “ it is by such contractions the corpuscles are 
‘pressed into the capillary wall, and ultimately made 
to traverse them ” (!) So the corpuscles don’t make 
their way t£roiigh holes in the walls, but are as it 
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were, seized hold of by the contractile protoplasm 
and pressed through by its contractions. 

The evidence adduced in favour of these doctrines 
is most defective — ^indeed, as regards their application 
tO' the phenomena of the capillary vessels of the 
adult, there is actually no evidence &t all. No one 
has seen the membranous pai*t of the wall of an adult 
or old capillary vessel contract, while it would be 
difficult to pick out a tissue less like protoplasm than 
the transparent material composing the capillary 
wall. The wall of a fully formed capillary is com- 
posed neither of protoplasm nor bioplasm, but it con- 
sists of a passive membrane permeable to certain 
aqueous solutions. If the thin elastic membrane of 
the capillary is to bo called protoplasm, why should 
not the ‘posterior elastic lamina of the cornea, or the 
thin transparent elastic membrane lining an artery be 
also regarded’ as of this nature? But these things, 
and living growing moving protoplasm (bioplasm) 
are quite different in tjieir properties. It is indeed 
difficult to conceive how any one who had really 
studied the matter, could speak of the oval “nuclei ” 
or bioplasts of the capillary Wall and the tissue of 
the wall itself which intervenes betw€>en them, and 
was formed by them, as being composed of the same 
substance “ protoplasm unless he admitted that 
this wonderful material might, for example, constitute 
the la^Ving, changing, semi-fluid sarcode- of the 
amoeba, as well as the firm, passive, unchanging 
material of which, for instance, the yellow elastic 
tissue consists. In that case we should be applying 
the same name to things distinct from one another in 
their nature and properties. See page 9. 

We shall mislead ourselves and others if we en- 
deavour to establish resemblances which do not exist 
in nature, and if we ignore differences which are 
observable by every one who will simply examine 
with care and without preconceived theory. If the 
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oval^nuclei are protoplasm, and the membranous wall 
is protoplasm, the student will, of course, ask’ us how 
we account for the important differences between these 
two things, and then we shall be driven to resort to 
the unfortunate expedient of suggesting that one is 
protoplasm, and the other is “changed” protoplasm. 

S90. Nuclei, or masses of bioplasm of capillaries. 
— More or less connected with the wall of the capil- 
lary vessel are numerous bioplasts consisting of 
living matter or bioplasm, w'hich vary greatly in 
number in the capillaries of different tissues. Of 
these there are at least four distinct sets which may 
be distinguished in well-prepared specimens. 

1. Those in the capillary wall itself, which have 
taken part in its formation, and which are intimately 
concerned in nutrition as long as blood circulates 
through the vessel. These vary greatly in number 
in different capillaries, as represented in many of my 
dmwings, and in size also at different tiimjs. In 
some specimens they are* extremely numerous, and, 
as I pointed out in 1863, preject into the interior of 
the capillaiy vessel. Probably from these are de- 
tached j)articles of bioplasm,, which pass into the 
blood cuiTcnt, and may grow into white blood cor- 
puscles. These bioplasts are represented in Fig. 2, 
pi. XV, and in figs. 1, 2, 3, pi. XVI. 

2. Masses of l)iopla.sm outside, but at a varying 
distance from the capillary wall with which ^ihey are 
connected by extensions or processes. These have 
no doubt originated from the first by fission, and are 
.indeed an early stage in the formation of new capil- 
laries, as may be proved by examination of the 
capillaries of adipose and ^some other tissues which 
undergo great and rapid changes even in the adult. 

3. Oval masses of bioplasm, generally, but not in- 
variably, smaller than the above, and, unlike them, 
sometimes crossing the vessel obliquely. These are 
connected with the delicate nerve fibres distributed 
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to the capillaiy vessels. In some* cases theseutio- 
plasts, as well as the fine nerve-fibres connected with 
them,, are almost embedded in the wall of the capil- 
lary, hut oftentimes they are seen to be separated 
from it by a distinct interval, which varies much in 
extent, as is well demonstrated in some of my spe- 
cimens. The bioplasts of the nerve-fibres distributed 
to the capillaries are represented in Figs. 1, 2, 3, pi. 
XVI, and in the figures in plates XVIII and XIX. 

4. Elongated and stellate masses of bioplasm which 
belong to the connective tissue. These vary greatly 
in number, size, and appearance in different tissues. 

SOT* Of the action r of the tissue of .capillary 
veMcls durlnip^ltfe. — During life a watery solution of 
nutrient constituents slowly transudes through, or 
permeates the passive membranous tissue of the 
capillaries, which thus acts as a filter. If, however, 
the bapillaries be much distended, the membranous 
wall is ^stretched and rendered thinner in a corre- 
sponding degree, and, in consequence, besides mere 
jvatory fluid, serum holding in suspension minute 
particles of bioplasm, traverses the capillary wall. 
These minute particles of bidblasm having reached 
the outside of the capillary remain stationary, and 
absorb the nutrient matter around them and grow, 
giving rise to important changes which cannot how- 
ever be considered in this place.’’*' In a further stage 
of thi^/>^amo process actual rents or longitudinal 
fissures are produced, and through these white and 
red blood corpuscles may pass. Loss of blood, such 
as may endanger life, may occur in this way, a vast- 
quantity of blood escaping through the pores produced 
by undue stretching of ^he minute capillary vessels 
over an extensive surface, as for example, sometimes 
takes place from the small intestine. If the tension 
is relieved the elastic wall of the capillary contracts, 

* See ** Disease Germs ; and on the Treatment of the 
Feverish State.*' 2ud edition. 
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the Assures close np, and the circulation is restored, 
and inay be again carried on as if no escape of blood 
had occurred. 

299. Of the action of the bioplasm of capillary 
Teasels during life. — I have already drawn the reader’s 
attention to the fact that in nutrition, bioplasm, 
or living matter, is the material which is invariably 
concerned in taking up and appropriating the lifeless 
nutrient pabulum, § 39. The latter, a product of 
death, is in fact altered in composition and prepared 
for subsequent appropriation by bioplasm. Indeed 
“ food ” consists of materials, having a peculiar com- 
position which have been formed by special kinds of 
living matter. But even those constituents which so 
closely agree in chemical properties and composition 
with the substances of which the tissues of our bodies 
are made, that the chemist believes them* to be 
identical, cannot be applied directly in constructiop. A 
solution of muscular tissue, for example, cannot be 
bt once conveyed to the ipuscles and then converted 
into the muscle of our bodies.. The elements of every 
particle must be re-arranged*before it can be appro-t 
printed and taken up by the living matter of the 
muscular tissue. Nay, there is reason to think that 
substances closely resembling, or even identical with 
the tissues that are to be found, are as much changed 
as those materials of our food which are very far 
removed chemically from the tissues. In all cases 
the analytical and synthetical changes occufling in 
the body are effected by the bioplasm or living matter, 
and in these operations the bioplasm of the capillaries 
performs a very prominent part, ^ 296, 

The bioplasts are exceedingly numerous, but vary 
ill number in different cajfillaries. Immense num- 
bers are found in connection with the small veins, the 
parietes of which indeed exhibit a structure veiy 
similar to that of the capillary. See Plate XV, fig. 2. 
I do not think that the appearance, copied in my 

T 
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^wing, has bee^ previously represented, though it 
18 quite constant and to be demonstrated without 
difficulty if the mode of preparation 1 have advocated 
be resorted to, § 68. 

1 believe that the bioplasts of the capillary vessels 
play a far more important part in the changes of the 
body than has been hitherto supposed. They are as 
intimately conceitned in the process of secretion and 
excretion as they are in the selection, preparation, 
and distribution of nutrient constituents. The bio- 
plasts of the capillaries of the lungs are the agents by 
which certain animal matters are separated from the 
blood and transferred to the air in the pulmonary 
air-cells, and it is probable they are also concerned in 
facilitating the changes which take place between file 
gaseous constituents of the air and blood. In con- 
nectiofi with the capillaries of all secreting organs the 
bioplasts are numerous, and they select and remove 
cerlain substances from the blood, and transfer them 
in an altered form to the secreting cells of the gland. 
They are in great number upon the vessels of the 
villi of the small intestines, in some cases being so 
very close together as to leave little membranous 
structure between them. These bioplasts of the 
intestinal capillaries receive the nutrient substances 
after they have been already once modified by the 
bioplasm of the epithelial cells of the villi, and 
transmit it in an altered form to the interior of the 
capilJuMy, where many of its constituents are at once 
taken up by the bioplasts (white blood corpuscles 
and minute particles of bioplasm)* in the blood 
itself. 

In many diseases these bioplasts of the capillary 
walls are much alteredt and in cholera I have found 
that numbers of them have been completely destroyed. 
The deterioration of the vessels succeeds, and dis- 

• the Germinal or Living Matter of the Blood.” 

Trans, of the Microscopical Society, 1863. ^ 
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OTgaftization of the capillaries of the villi, which is 
constAatlj observed in this disease, follows.* In 
every paH of the body the bioplasts of the capillair 
vessels, as well as white blood corpuscles, and lymph 
corpuscles, are agents which take up ezcrementitions 
matter and products of decay, and pass these on in 
an altered form into the blo^ where they undergo 
further change, being probably split up into matters 
which are appropriated as pabulum, and noxious 
substances which are very soon excreted from the 
body, 

299. or the arteries. — The walls of the larger 
arteries consist chiefly of el^tic tissue but in ihe 
inl9rvals between the fibres of this structure, or in 
the meshes of the clastic network, are seen in some 
cases many elongated and triangular elementary 
parts of involuntary muscular fibre, TTie so-called 
muscular fibi*e cells were first demonstrated i» by 
KoUiker. I have given figures of them. It is to the 
presence of these bodies that the contractilUy* of the 
larger vessels is entirely dilp. That these vessels 
are capable of contraction was proved experimentally * 
by John Hunter, but the degree of contractile power 
is comparatively slight, and as* far as they are con- 
cerned in the physics of the circulation the large 
arteiial ramifications may be considered simply as 
elastic tubes. 

In the smaller and smallest arteries, howler, the 
case is very different indeed. To such a degrdb are 
the walls of these tubes capable of being contracted, 
that the cavity of the vessel may be temporarily 
obliterated. The little arteries of every part of the 
body undergo great change^ in their calibre. Pro- 
bably many times during the twenty-four hours 
the blood current is reduced and augmented, the 
vessel changing to an extent equal to two or three 

* BiseMe Germs : their Nature and Origin ; and on the 
Treatment of the Feverish State.” 2nd edition. 
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iitnes its diameter. The blood current may, irideed, 
for a time, be completely stopped in conseque&ce of 
the sudden and violent contraction of the muscular 
fibres which encircle the little vessel. See fig. 1, 
Plate XV, page 293, fig. 4, Plate XVI, also plates 
XVII and XX. 

It has been suggested that the encircling muscu- 
lar fibres of the small arteries by their contraction 
are instrumental in driving onwards the blood to- 
wards the capillaries. A number of facts, however, 
militate against the reception of such an idea, and 
are conclusive in proving that the contraction of the 
muscular fibres exerts qnly an obstructive influence. 
The blood current may bo diminished or compleilly 
checked for a time, but under no circumstances can 
it be .urged on by the contraction of the arterial 
walls. 

The fibres of unstriped muscle found upon arteries 
are of two kinds. 1. Ordinary spindle-shaped fibres, 
which encircle all the small arteries of all veHiebrate 
animals, as has been described and figured by many 
•observers. 2. Fibres have three or four processes 
similar to those I have described as existing in the 
bladder of the frog, ^ 262. These last by their con- 
traction would tend to shorten the vessel as well as 
to reduce its calibre, and these are probably instru- 
mental in preventing elongation of the tube which 
the circular fibres would tend to produce when th^ 
iQont^cted strongly. The fibres under consideration 
are found in the arteries, the coats of which are 
composed principally of yellow elastic tissue. In the 
coats of the veins these fibres pulling in three direc- 
tions are also numerous.^ 

SO0. Of the veins. — The walls of the larg^er veins 
are composed of elastic fibres and muscular fibre cells 
which are more spread out and arranged with less 
regularity than those of the arterial coats. The 
smaller veins are, however, completely 'destitute of 
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any ij^nscnlar fibres whatever. A mirnitc •artei^ 
which is not more than the gi^th of an inch in 
diameter, exhibits well defined muscular fibre cells, 
which encircle it closely and regularly, but upon 
many a vein which is as much as the of an inch 
in diameter, I have not been able to demonstrate one 
single muscular fibre cell. The v^lls seem to be 
entirely composed of very delicate connective tissue 
with which are connected oval masses of bioplasm in 
immense numbers. These are sometimes so closely 
placed as almost to touch one another. This im- 
portant fact may be demonstrated very readily in the 
simll veins of the pia mater if they are properly pre- 
ptnbd with the carmine fluid Plate XV, fig. 2. The 
observer wiU be astonished at the great number of oval • 
bioplasts in the walls of the small veins, as weH as in 
the capillaries near the veins. These bioplasts have 
not, 1 think, been figured or accurately described, *^nop 
has attention been drawn to the very important 
ofl&ces they probably fulfil in connection with physio- 
logical changes that are constantly going on as long ^ 
as life lasts. It must be obvious that bioplasts dis- 
tributed in such number as areu those in the wall of 
the small veins, perform other functions besides 
taking part in the formation of the tissue of the 
vein. As I have already endeavoured to show the 
activity of change in an organ or texture, may be 
judged of by the number of bioplasts present in it. 
In veins the bioplasts are many times as numerous as 
would be required to produce the very small amount 
of tissue entering into the formation of their coats. 
The blood in these small veins uhdergoes important 
changes, just as it does in •the capillaries, and the 
agents concerned are the bioplasts. In short, physio- 
logically, the small veins may be considered as part 
of the capillary system, and concerned in nutrition 
and in the removal of products* of disintegration re- 
sulting from* changes in the tissues. 
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8#1. Exftmlnatlini of arteries antf Teins^-^TIie 

stractore of arteries and veins may be well studied 
ie any of the smaller vertebrate animals, especially in 
the frogs. In mammalia beautiful specimens may be 
obtained from the mouse. Those in the mesentery, 
the pleura, and pericardium may be subjected to ex- 
amination withoiit difficulty, but the smaller arteries 
and veins of the pia mater, or vascular membrane of 
the brain, and those of the folds (choroid plexuses) 
of the same membrane in the cavities (ventricles) of 
the brain are more free from connective tissue and 
can be easily isolated. 

I have obtained beautiful specimens of the muscu- 
lar fibre-cells arranged circularly round the snffitll 
arteries by injecting the vessels with plain size, and 
gradually increasing the force so as to distend them 
as much as possible without rupture. In this manner 
the bells are as it were, gradually unravelled. When 
cold, thin sections may be very easily made in 
various directions, and even isolated fibre-cells can be 
, obtained. The arrangement of the muscular fibre- 
cells in the smaller vessels, is well seen in the small 
arteries from the frog and fiewt. See fig. 4, Plate 
XVI and Plate XVII. 

The bioplasts are to be demonstrated in specimens 

F repared with carmine fluid as described in § 68. 

have made some very satisfactory preparations by 
injecting the vessels first with carmine fluid and after- 
wards with Prussian blue fluid, as described in 
“ How to Work with the Microscope,” 3rd edition, 
§.377, page 304. 

The arrangement of the numerous nerve-fibres dis- 
tributed to the small •arteries and veins may be 
demonstrated in the frog with the greatest distinct- 
ness, and in connection with the small vessels which 
supply the viscera numerous ganglia will be found 
from which bundles of nerve-fibres may be traced 
in different directions. These often form plexuses 
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around the vessels and give off finer bundles, and 
fibres may be followed even to the capillary ve’ssels. 

ses. or the aetlon of the contractile muscular 
flhre-cells. — Although the action of the muscular 
fibre-cells of arteries is admitted by all, there still 
exists in the minds of many physiologists, some 
doubt concerning the precise manner in which the 
contractility of the muscular fibre-cells is occasioned. 
As will presently be shown, observers are not agreed 
that all arteries are supplied by nerves, and many 
still seem to think that the muscular fibres of arteries 
and indeed, unstriped muscular fibres in other parts, 
are caused to contract alt^^ther independently of 
nervous influence. See page 237. 

The coiktact of the blood with the inner wall of the 
vessel, the stretching of the arterial walls, by the 
action of the heart upon the contained column of 
blood, the movement of tissues outside of the artiftries, 
the action of the gases dissolved in the blood, are 
some of the phenomena to which may be aftributed 
the contraction of the mulicular fibre^ cells of the 
small arteries and the consequent temporary reduc^ 
tion of their cilibre, supposing there are no nerves. 

I shall endtavour to show in the course of the 
following pages, that the lacts now known to us con- 
cerning the nertes of the smaller vessels, justify the 
conclusion, that the little arteries contract only 
through nerve-influence, and that, in all^cases in 
which contractioi of a little artery occurs during 
life, there is reti.«ioi to think that the movement which 
results, succeeds to and is a consequence of a change 
in the nerve-fibre. As already stated in another part 
of this volume, theie is reason to think, that to every 
kind of contractilo tissue, nerve-fibres are distri- 
buted, and that thes® nerve-fibres are essentially the 
agents through which the change constituting con- 
traction is brought about in the normal state. There 
can, howeVer, be no doubt that the material of which 
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the muscle is in great part composed, possesses* the 
property of contraction when it is removed froiD the 
muscle. Unless this was the case no influence could 
be produced upon muscular tissue through nervous 
agency. 

Until very recently, it was concluded that the 
arteries might contract independently of nervous in- 
fluence, and indedd, up to this very time, the most 
confused ideas prevail upon the subject. 

Kolliker made the remarkable statement that 
some of the arteries are destitute of nerves, and that 
the walls of arteries are not in such need of nerves 
as is usually supposed. But Eberth, in Strieker’s 
‘ Handbook,’ just published, says, “with the exception 
of the capillaries ” the presence of nerves has been 
demonstrated in (upon) all vessels, but remarks that 
ho has not been able to convince himself 5f the pre- 
cise inode in which they terminate, e&p?cially as 
regards the muscular fibres of the arteries and veins. 
It is aorfle years since I was led to the conclusion that 
all forms of muscle are ^‘supplied by nerve-fibres, and 
I am convinced that every small artery passesses nerve 
networks even in those instances in which I have 
myself failed to demonstrate the nerves ; and it may 
now bo regarded as certain, not only that all forms of 
muscle are supplied with nerves, but tkat these nerves 
form terminal networks and originate in ganglia. 

Arrangement of the Nerves distributed to Vessels. 

303. Distribution of nerves to ^e arteries of the 
IVoic. — In the external areolar c<iat of the larger 
arteries, numerous networks and plexuses of nerve- 
fibres may be demonstrated with facility, and in con- 
nection with the ramifications #f the vessels of the 
thorax and abdomen, ganglia, and ganglion cells are 
to be demonstrated in great numbers. (Phil. Trans.) 
These points may be made out without difficulty in 
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the* common frog, hyla, newt, toad, and in the shake, 
slowvform, tortoise, and other reptilia. 

I have given a drawing in PI. XVI of a small gang* 
lion in course of development removed from one of 
the iliac arteries of the frog. Several fine branches of 
nerve-fibres can be followed amongst the muscular 
fibre-cells of the artery in the saige preparation. I 
have seen very fine nerve-fibres beneath the circular 
muscular fibre-cells, apparently lying just external to 
the lining membrane of the artery, and coniposed 
of longitudinal fibres with elongated nuclei — an 
observation which confirms a statement of Luschka’s. 
I have not succeeded in satisfying myself that nerve- 
fibres are ever distributed to the lining membrane of 
the artery, although, front the appearances I have 
observed, I cannot assert that this is not the case. 
In the auricle of the heart and at the commencement 
of the venae cavoe, very fine nerve- fibres unquestion- 
ably ramify very near indeed to the intemak surface, 
being separated from the blood only by a very thin 
layer of tmnsparent tissue (oonnective tissue). , 

The distnbution of nerve- fibres to the coats of a 
small artery alx)ut the -g-Jiytb part of an inch in 
diameter is represented in fig. 2, PI. V, p. 216, and to 
somewhat larger vessels in fig. 4, PI. XVI, and in the fig. 
in PI. XVII, p. 303. In all cases (and I have examined 
vessels in almost all the tissues of the frog), not only 
are nerve-fibres distributed in considerable' number 
upon the external surface of the artery, ramifyingjn 
the connective tissue, but I have also followed the 
fibres amongst the circular fibres of the arterial coat. 
The nerves can be as readily follSwed in the external 
coat as in connective tis»ue generally; and the 
appearance of the finest nucleated nerve-fibres, 
already alluded to, enables one to distinguish them 
most positively from the fibres of the connectiv 
tissue in which they ramify. 

These nerves invariably form networks with wide 
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meshes. I have demonstrated snch an aiTangement 
over and ovpr again. A similar disposition may be 
seen in the auricle of the frog’s heart, in the coats of 
the venae cavae near their origin from the auricle, 
among the striped muscular fibres of the lymphatic 
hearts of the posterior extremities of the frog, and in 
other situations. JColliker confesses that he has not 
Bucceeiled in observing distinct terminations to the 
nerves distributed to the vessels. He states that 
some 6.rteries are completely destitute of nerves, and, 
apparently without having given much attention to 
the subject, says “ hence it is evident that the walls 
of the arteries are not in auch essential need of nerves 
as is usually supposed.” It is easy to demonstrate 
nerves in considerable number on all the arteries of 
the frog, and in the case of certain vessels of man and 
the higher animals in which we have failed to demon- 
strate nerves, it is more reasonable to assume thBi 
they are there, although they have not been seen, 
than to infer their absence simply because we have 
failed to render them distinct. In the case of the 
umbilical arteries of the foetus and their subdivisions 
ill the placenta, it is quite certain that there are no 
true dark- bordered nerve-fibres, but we now know 
that the active part of a nerve may consist of an 
exceedingly delicate, pale, and scarcely visible fibre, 
connected with a nucleus. Such delicate fibres and 
nuclei ai e to be demonstrated amongst the muscular 
filjres of these arteries, but in consequence of not 
having been able to trace them continuously for any 
great distance, I cannot assert that they are true 
nerves. No one, however, has yet proved that they 
aVe not nerves, or has demonstrated their real nature. 

The nerves which supply the small arterial 
branches in the voluntary muscles of the frog, come 
fW)m the very same fibres which give off branches to 
the muscles. I have seen a dark-bordered fibre 
divide into two branches, one of which ramified upon 
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an adjacent vessel, while the other was distributed to 
the ‘*elementary fibres of the muscle. In njj paper 
“ On the Structure of the Papillae of the Frog’s 
Tongue ” these statements have been confirmed ; 
and in some of my specimens, nerves distributed to 
arteries and to elementary muscular fibres of striped 
musle are seen to be derived from ^the same trunk of 
dark-bordered nerve- fibres. — Croonian Lecture, Pro- 
ceedings of the Royal Society, May, 186t5. 

8#4. Distribution of nerves to arteries of mam- 
malia. — With regard to the distribution of nerves to 
the organic muscle of mammalia, I liave to observe 
that the extreme delicacy and translucency of the 
fibres renders demonstration most difficult. I have, 
however, succeeded in tracing very delicate fibres 
from ganglia, situated between the muscuJar and 
mucous coat of the small intestine of the white mouse 
to their distribution amongst the muscular fibrepbells. 
Still more recently, 1 have been able to follow nerve- 
fibres to the small arteries, as well as to the capillaries 
(page 313) of the bat’s win^ 

In order to successfully demonstrate the distribu- 
tion of fine nerve-fibfes, it i^ necessary to have ex- 
cessively thin specimens in which the relations of the 
various tissues to one another have not been disturbed 
by the fraying out and pressure to which the section 
must needs have been subjected. 

8DS. Distribution of nerves to veins* — Nerves 
ramify in the external areolar coat of the veins as in 
that of the arteries. The thin muscular coat of some 
of the smaller veins is abundantly supplied with fine 
nerves, which ramify upon and aftiongst the muscular 
fibres, and, at least in some instances, even in greater 
number than upon arteries.' I have also detected 
nerve-fibres just outside the smallest veins, arranged 
in much the same manner as those distributed to the 
capillary vessels. In the bat’s wing I have succeeded 
in demonstrating these fibres very distinctly. As the 
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small Teins are allied to the capillaries in structure 
fig. 2, PI. XV, page 293, § 300, we may conclude 
they act in the same manner, *and that the nerve- 
fibres distributed to them, belong to the same system 
as the nerves of the capillary vessels with whicn they 
are in fact, in direct continuity. 

806. Of the nerves distributed to the capillaries. — 
While studying the distribution of nerves to striped 
muscle in I860,* I had seen nerves lying close to 
capillary vessels, and during the next two years 
obtained several preparations from the frog, toad, and 
newt, in which pale delicate nerve-fibres, which had 
been followed from trunlrs containing dark-bordered 
nerve-fibres, were discovered running by the side of 
almost every capillary vessel ramifying over an ex- 
tensive area of tissue. In 1863, some drawings were 
published,! and in my Croonian lecture to the 
Fellch/s of the Royal Society, in May, 1865, the dis- 
tribution of nerves to capillary vessels was briefly 
described, and the function performed by them dis- 
cussed. Although I have incidentally referred to the 
fact in several lectures and papers published since 
this period, I have not collected my observations, nor 
until now have I entered into the matter so fully as 
it deserves. The subject appears, however, to have 
been almost completely passed over by other anato- 
mical observers in this country and on the Continent. 
After the paper, from which I copy these observa- 
tions, had been read on December 6th, 1871, at the 
Microscopical Society, Dr. Klein showed me some 
piaffes to illustrate a memoir by him upon the same 
subject, which was to appear in the January number 

♦ ** On the Distribution of Nerves to the Elementary Fibres 
of Striped Muscle,” “ Phil. Trans.,” June, 1860. 

t ” On the Structuie and Formation of the so-called Apolar, 
Unipolar, and Bipolar Nerve Cells of the Frog.” May 7, 1863. 
** P1 u 1.T^8.**; Part II., 1863. Published separately. Churchill. 
1864. 
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of the “ Quarterly Journal of Microscopical Science.** 
His Specimens were prepared by the gold process, and 
give a different idea of the arrangement of the nerves 
to that afforded by mine, some of which are ten 
years old. I propose to restrict mvself in this place 
to the description of the facts I have succeeded in 
demonstrating. Dr. Klein’s memoir may be con- 
sulted by referring to the “ Quarterly Journal of 
Microscopical Science,” January, 1872, while mine, 
from which the following paragraphs have been 
/extracted, was published in the “ Monthly Micro- 
scopical Journal ” of the same date. 

My own conclusions on thg ultimate distribution of 
nerve- fibres were formed several years ago, at a time 
when terminal nerve networks were denied in Ger- 
many, and when it was supposed that only iT> a few 
exceptional cases did the axis cylinder of a nerve 
extend beyond the white substance. Not onlj^ are 
my networks of pale nucleated nerve -fibres now 
accepted, but it is maintained that much finer net- 
works of nerve-fibres ramifying upon and amongsjb 
epithelial cells and other elementary parts, and even 
upon an individual mass of bioplasm (nucleus), have 
been demonstrated. At present, however, I cannot 
regard the observations upon which it is desired to 
establish this view, more conclusive than those which 
a few years since led many to the conclusion that the 
axis cylinder sprang from the nucleus or hualeolus of 
the central nerve-cell. 

I have demonstrated that nerve-fibres are distri- 
buted to capillary vessels in almost all the tissues of 
the frog and newt. Among theile textures I would 
particularly mention the ski\and mucous membrme», 
lung and kidney ^ the pericardium and fibrous membrane 
mar the Iwer^ and the mesentery ^ as well as muscle and 
nerve. ' 

The nerves distributed to capillary vessels are 
much more tiifficult to demonstrate in mammalia, but 
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I am sure tliat they exist, and in considerable ntun- 
ber. The tissues of man and the larger mamthalia 
are very unfavourable for so delicate an investigation, 
in consequence of the very diaphanous character of 
their nerve-fibres and the great density of the con^ 
nective tissue in which they are embedded, but in the 
mouse, shrew, mole, and some other small animals, 
they may be distinctly seen in very thin preparations. 
More recently I have obtained some most excellent 
preparations from the bat’s wing. In these, nerves 
to the capillaries may be demonstrated conclusively 
with the aid of a ^V^h. The ^Vth brings them out 
still more clearly. In the preparation I showed at 
the Microscopical Society, which was placed under 
the twelfth of an inch object glass, many delicate 
nerve-fibres could be seen with great distinctness 
running very close to almost every one of the capillary 
vesSlils. In order to demonstrate this fact, it is 
necessary to remove the dark cuticular covering from 
both surfaces of the membrane of the' wing — an 
operation by no means easy, nor always followed by 
success. 

809. Arranircnieiit of the nerve'flbres distributed 
to the caplUarles. — With regard to the general 
arrangement of these delicate nerve-fibres, it is to be 
remarked that in many instances a fibre may be seen 
running on each side of a capillary vessel. The two 
fibres are. often connected by short branches which 
pass over or under the vessel. Plate XVI, figs. 1, 2, 
3, Plates XVIII, XIX, and XX. 

Not unfrequently the nerve is so close to the 
capillary that it cai not be seen distinctly in all parts 
of its course, but oftentimes the capillary shrinks 
after death, and then a distinct interval is left between 
its walls and the nerve-fibre (Plate XIX, fig. 1). In 
some cases the nerves are still more numerous, and 
in the bat’s wing I have seen three or four very fine 
fibres ramifying over a capillary for a short distance. 
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(Plates XIX and XX). Over the capillary vessels 
of th0 mucous membrane of the frog’s palate, these 
fine nerve-fibres are easily demonstrated, and often- 
times may be seen a complete plexus of delicate 
nerve-fibres with numerous oval and triangular 
masses of bioplasm connected with them. Upon the 
capillary loop of the fungiform papillsB of the human 
tongue (young subject) I have seefti very fine nerve- 
fibres in considerable number. Over the capillaries 
of the ciliary processes of the eye fine nerve-fibres 
ramify very freely. All these nerve-fibres are con- 
nected with oval masses of bioplasm, which vary in 
size and number in different animals and in difierent 
tissues of the same animal. * In some cases the bio- 
plasts are separated by a considerable distance from 
one another (^^th of an inch), but often they f-re not 
more than y^^th of an inch apart. At the point 
where a fine bi-anch divides into tM^o others the inass 
of bioplasm is triangular ; and specimens in which 
four, or even five excessively delicate nerfe-fibres 
diverge fi*om a mass of bioplasm with as many angles 
is occasionally met with. Thus, as in other situationef,* 
lax networks are fornjed, the meshes of which are 
for the most part long and narfow. 

898. Central oiifrln anfl p^lpheral connections of 
nerve-tibres distributed to the capillaries. — As regards 
the origin and connections of nerve- fibres ramifying 
upon the capillary vessels, I have some ijiportant 
facts to record, 

1. In many instances, particularly in the fibrous 
membrane about the bladder of the frog, 1 have 
followed fine nerve-fibres from ga^iglion cells to the 
smallest arteries, where they fonn a plexus fronj 
which pass bmnehes direct td the capillaries. 

2. I have traced nerves direct from the ganglia 
en»l^dded in connective fibrous tissue to the capil. 
lanes. 

3. One of my specimens proves that a fine nerve- 



310 CENTRAL AND PERIPHERAL CONNECTIONS. 


fibre given off from a bundle of dark-bordered fibres 
distributed to voluntary muscle may be followed 
direct to a capillary. See Plate XIX, fig. 1, p. 315. 

4. From the ganglia between the muscular and 
mucous coats of the small intestine of any small 
animal (mouse, mole) fine nerve-fibres can be followed 
in considerable numbers, and traced to the capillaries 
of the mucous membrane. I have never been able to 
see them on the vessels of the villi, but feel convinced 
they are to be demonstrated as far as this point. 
Even in the human subject, I have sacceeded in 
making some good, though not perfectly demonstra- 
tive specimens. 

5. “ I have seen a dark-bordered nerve-fibre divide 
into two branches, one of which ramified upon an 
adjacept vessel, while the other was distributed to the 
elementary fibres of the muscle.*’ Also, as already 
stated, “nerves distributed to arteries and to ele- 
mentary fibres of striped muscle have been seen to bo 
derive(ffrom the same trunk of dark-bordered fibres.” 
— (Croonian Lecture, Proceedings of the Royal 

^Society,” May 11th, 1865.) 

With reference to the peripheral connections of 
nerves distributed to Capillaries, I have to remark — 

1. That in the papillse of the frog’s tongue, I have 
followed fibres from the expansion of the sensitive 
nerves above the capillary loop to the capillary 
vessels, {ind«‘ also from a somewhat similar structure 
in the mucous membrane of the snake’s mouth to the 
capillaries. In both cases fibres are also given off 
from the bundles of dark-bordered fibres before they 
break up to form the reticulated sensitive expansion. 

, 2. The bundles of sensitive fibres which break up 
and form expanded networks in the meshes of the 
beautiful capillary network at the extremity of the 
mole’s nose give off fibres which may be traced to 
adjacent capillaries. 

3. Branches from the nerve-fibres ramifying over 
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the miimte arteries may be frequently followed from 
these V) the capillary vessels. 

4. In the case of the striped muscles of the 
chameleon’s tongue, I have succeeded in following a 
fine fibre from the so-called nerve tuft to the neigh- 
bouring capillary vessels. 

5. In the muscular coat of the frog’s bladder, in 
that of the oviduct, and in the muscular coat of the 
small intestine, the fine nerves form an intricate in- 
terlacement, some fibres of which are distributed to 
the muscles, while others ramify upon the little 
ai*teries, veins, and capillaries. 

These nerve-fibres distribnjxjd to the finest capil- 
laries of many tissues have therefore been traced 
from ganglia^ from seimtive and motor nerve trimks, 
from the peripheral ramifications both of sensitive and 
motor nerves^ and they are intimately related to the 
ultimate ramifications of some of the nerves of special 
sense. ^ 

These anatomical facts suggest many considerations 
bearing upon the mode of aotion of the peripherc^ 
portion of nerve-fibres, but the subject is too exten-* 
sive to discuss in this place. H may form the subject 
of a separate memoir. 

3O0« Recent observations on the distribution of 
nerves to the capillaries of the bat^s wlnir* — More 
recent observations on the capillaries of the bat’s 
wing have, however, convinced mo that nerues distri- 
buted to the capillaries of mammalia, follow the same 
genei-al arrangement as those traced to the capillary 
vessels of batrachia. 

The nerves to the capillaries of* the bat’s wing are 
very sharp and defined in successful preparations, but 
in many specimens not a trace of them is to be dis- 
covered. The slightest alteration in the. medium in 
which the examination is made, causes these delicate 
fibres to become indistinct, and unless the specimen 
be exceedingly thin they cannot be seen at all. 

u 
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It is SO verjjT difficult to demonstrate nerve-fibres in 
connection with the capillary vessels of man and the 
higher vertebrata, that for some time I was disposed 
to doubt whether nerves were distributed to capillary 
vessels generally. I had seen such nerves in the 
white mouse and in the mole, also in the rabbit and 
Guinea pig, but as I could not demonstrate them in 
every instance, arfd in all parts of the body in which I 
looked for them, I could not feel sure that the pre- 
sence of nerve-fibres close to capillary vessels was 
not owing to some special and perhaps exceptional, 
circumstances. Investigations upon these nerve- 
fibres in the bat’s wing were, however, conclusive. 
The arrangement of the delicate nerve-fibres and 
capillaries in this tissue is very beautiful. After long 
soaking in glycerine the skin may be removed from 
both surfaces of the thinnest part of membranous 
tissuQ of the wing, and the specimen mounted under 
the thinnest glass, in order that it may be examined 
by the -fyth of an inch object glass. I have given a 
figure of the capillaries and nerve-fibres as they 
v^jppear under a quarter of an inch object glass in 
Plate XIX ; and‘in the following plate is a drawing 
of a portion of a capillary vessel with its nerve- 
fibres, os they appear under a magnifying power of 
700 diameters. The division and subdivision of the 
finest branches of the dark-bordered fibres is well 
defined, qnd*the distribution of some of the fine pale 
nerve-fibres to the capillary is represented. The two 
drawings should be carefully examined, as a great 
many points of interest and importance are repre- 
sented, which I cannot describe in detail here. The 
ajrrangement here delineated is very different from 
tliat figured and described by Dr. Jos. Schobl, in his 
paper on the bat’s wing, published in the first part 
of the seventh volume of Max Schultze’s Archives, 
1870. 

The method of preparation adopted by Schobl, does 
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hot render clear the arrangement, oven of the nerve- 
tibre^ constituting the large trunks. Of the division 
and subdivision of the neiwe-fibres so very distinct in 
every part of my specimens (see Plate XX) not an 
indication has been given in Schobrs beautiful draw- 
ings. The method of preparation I have adopted 
seems, so to say, to cany one a long way ’further into 
the wonderful details of minute swuctural arrange- 
ments than the processes of preparing specimens 
usually resorted to. 

1 have already described the method pursued. It 
is that which I have followed for more than ten years, 
and wliich in my hands h^ been most successful, 
and is given in “How to Work with the Microscope,” 
4th Edition, and in the “ The Physiological Anatomy 
and Physiology of Man.” By Dr. Todd, Mr. Bgwman, 
and myself. {Second Edition. Part I, page 57.* I feel 
sure that the plan is capable of further improvoifiout 
in pnictical details, and that, upon the principles 
which I have laid dowm, tlelicate structures, which 
have not yet bi*en seen by will be demonstrated 
by patient and well-practised observers. The procestT 
is troublesome, and foi» this reason has not btjen in 
much favour. In these days investigation must be 
conducted with great hiiste, and new fiicts discovered 
very ipiickly. There is theref<»n} little chance of get- 
ting many persons to speini sufficient time in mere 
practice to enable them to gain the requNitp skill for 
the very miicli more minute investigation by which 
alone the structure of the most {lelicate textures 
wliich is now' so much desired can be demonstrated, 
and which must be carried out l>ifore we can hope to 
arrive at positive Cf>nclu.sion| on fundamental anat(>> 
mieal ({iicstions of the greatest importance. At the 
same time, it seems scarcely fair on the part of ob- 
servers who object to one particular method of 
enquiry, to condemn it, and to mistrust the results 
without hating examined the specimens. 
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310* Tlie action of the nerres distributed to the 
capillary vessels. — We have now to consider the dffice 
of the nerve-fibres distributed to the capillary vessels 
which I have been fortunate enough to demonstrate 
in the tissues of so many vertebrate animals, as to 
leave no doubt that they are constantly present and 
discharge a highly important office in connection with 
general pliysiologiVal changes going on in all parts 
of the organism. Tluise nerve-fibres of the capillary 
vessels an? essential. If they are deranged or damaged 
the healthy action of the tissue or organ involved is 
no loiigtT properly discliarged, while ii‘ the nerve-fibre 
be destroyed the nutrition of the tissues adjacent 
to tlio capillary must sufter. If the nerve-fibres 
(listribiited to the capillaries extending over a con- 
sidc^rahle area b.e destroyed by disease or damaged 
imlireetly owing to changes having taken place in 
tlio rtcrve-(^?ntreH connected w'ith them, serious de- 
rangement of the function of the organ involved is 
th(‘ rt'suli, and a diseased slate immediately follows, 
which may progress quickly or very slowly until at 
hist much normal tissue, which cannot possibly he 
replaei’d, is completely destrojed. In many organs 
such changes will cut short life, either immediately 
or after prolonged suffering from progitjssive struc- 
tural change. 

It is very desirable, tlicrefoi’e, to determine the 
exact Jictioii of a nerve mechanism wdiicli plays so 
liighly important a part in man and the higher 
animals in lu'allli and in disease. With this object 
1 propose now to consider what is the nature of the 
work discharged and the way in which it is per- 
formed by the nerves distnbuted to the capillaries, 
llie arrangement of which had l)een described. 

Are the nerve-fibres of the capillaries sensitive ? — 
Considering the arrangement of nerve-fibres in the 
organs of sense, no one would be likely to infer that 
those distributed to capillary vessels were many way 
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concerned in spe^cial sensation. We know that many 
of file ultimate parts of organs which take part in 
sensation — which, indeed, constitute the active por- 
tion of the sensitive apparatus, ai*e destitute of vessels 
altogether. These and other considerations render it 
almost certain that tlie nerve-fibres of the capillaries 
are not nerves of sense. ^ 

Are they motor f — The capillaries are not provided 
witli muscular fibres, nor is there any contractile 
tissue to be demonstrated in connecjtion with them. 
Although it has l)e<*n ccmfidently ass*»rted that the 
capillary walls consist of protojttasm (!), anyone who 
will be at the }>ains of examining actual c^ipillaries, 
as, for example, those of the pin mater, will soon Ik? 
convinced that this view is a mistake. It is, as 1 have 
shown, om* of those conjectural anatomical vbserva- 
tioTis which are in favour in these days. An hypo- 
thesis was advanced to account for the*passjfge of 
blood corpuscles through the capillary walls^ and this 
and oth»M* hypotheses venvlered it necessary that some 
one should deinonslate ih{i9]trot<y>lasnn'e character^^f 
the ca pillory tni/lti, Prot(»[)lasm h|i.s been therefore 
conjecl in*ally discovefed in tjic capillaries by mure 
than one niicroscopic'id philo.sopher. 

The mrrnhnuo’ of which (he walls of capillaries are 
in y)art composed (?jin be seen, and the bioplasts c<)n- 
nected with it demon.strat(‘d in consiilerable nuinlxn*, 
and without ditliculty. The membrane •« transpa- 
rent, slightly fibrous in the vessels of old animals, 
highly elastic, but destitute of any structure that, can 
be regardi'd as contractile. We may therefore,! think, 
di.smiss the idea that these nerfe-fibres are motor, or 
are in any way eon<*erned ^lirectly, — that is, by ahy 
influence exerted by them on the Avails of the cayiil- 
laries, — in reducing the ctilibrc of these minute ves- 
gel.s. If protx>plasm could only be proved to exist in 
the Avails of the capillaries, the presence and action 
of the nerAV*-fibre.s Avotild be accounted for. It would 
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be inferred that through their intervention thepro- 
toplasmic substance was excited to contract. £tut if 
the capillary walls do not consist of protoplasm, such 
a theory is altogether inadmissible. 

ilre they nutritive or secretory in their action ? — I 
must ask the reader to consider with me whether it 
is probable that ^hese nerves are connected with 
nutritive or secretory operations. Now, although 
many high authorities still hold to the opinion that 
nerves do act directly upon the nutritive process, 
many considerations render it at least doubtful 
whether the action of secreting cells is directly in- 
fluenced by nerve-fibres An any case. Nutrition and 
growth and secretion are carried on at a rapid rate 
in many structures which are destitute of nerves, 
And at erery period of life. In disease the most active 
nutritive changes occur in tissues which appear to be 
wantilig in nerve* fibres. For example, the formation 
of pus frpm epithelium and the formation of tubercle, 
can hardly bo attributed^ to the influence exerted by 
ijierves, seeing that the phenomena occur in parto 
to which nerve filpres do not reach, and yet the quan* 
tity of nutrient matter taken 'up in a short time is 
very considenible. Again, nutrition and growth are 
most active in all living beings at a pericd of deve- 
lopment anterior to that when nerves are formed. Se- 
cretion is very active in glands which receive a limited 
supply of nerves, and in those parts of glands to which 
very few nerves are distributed. Contrast, for ex- 
ample, tho multitudes of fine nerve-fibres ramifying 
upon the surface of a sensitive mucous membrane, 
with the few that caki be traced around the uriniferous 
ttibe, or followed to thf follicles of the sebaceous 
glands, or to those of the salivary glands. Pfluger’s 
statements on this point have not been confirmed by 
other observers, and from my own observations I am 
convinced that if, as Pfliiger asserts, nerv^fibres are 
distributed to secreting colls, they are arrcmged diflfe- 
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rently and are in character very different from that 
repfesented in his drawings. In those cases in which 
nerves can be followed near to secreting cells, it is 
more probable that their function is afferent as regards 
the nerve*oentre governing the nearest vessels, than 
that i^ej are direotlv concerned in the actual secern- 
ing process, which I believe to be due rather to the 
properties and powers of the biSplasm of the cell, 
than to any mysterious, and at this time purely con- 
jectural, influence of nerve force. 

What is their office ? — What, then, is the probable 
office of the nerve-fibres which are so freely distri- 
buted to many of the capillary vessels ? Upon many 
sensitive surfaces the fine nerve-fibres running very 
close to the capillaries are indeed so numerous that 
we can hardly avoid coming to the conclusion that 
these very nerve-fibres must be cc»ncemed in sensation. 
The capillaries of the mucous membrane bf the^Trog’s 
palate, for example, are surrounded by a complete 
network of very delicate nerve- fibres, whicli lie im- 
mediately beneath the epitl&lium. In this situation 
there are no papillcBt nor is there ^y form of sense 
organ to be discovered. By experiment we know 
that this surface is eminently sensitive, but there is 
no reason to think that it is concerned in the sense of 
taste. On the other hand, it must be remembered 
that upon the tongue of the frog are very highly 
elaborate nerve organs of a special structure, which 
have a very large number of nerve-fibres disi^bnted 
over a small space quite at the summit of the papilla 
(“Phil. Trans.,” 1864). If, therefore, the frog pos- 
sesses the sense of taste, the delicate papilJm al^ve 
referred to are doubtless the or^ns concerned, amd 
not the general surface of the palate, the nerves dis- 
tributed to which probably take part in general sensa- 
tion only. 

They may he concerned m general sensatian . — ^The 
nerve fibfcs distributed to the capillary vessels pro- 
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bably in all cases take part in wbat may be called* 
general sensation. It is through the agency of® the 
beautiful little “ tactile corpuscles ” in the papillae of 
the skin that we are able to distinguish those very 
slight diilerences of quality in fabrics when the tip 
of the finger is gently drawn across them. But if 
every tactile corpuscle were destroyed, we should still 
be able to feely and the skin of the finger would still 
bo differently acted upon by hot things and cold things. 
The same sort of reasoning, justifies the supposition 
that the nerves which I have shown are distributed 
to the capillaries of voluntary muscle, act as sensitive 
fibres, and are perhaps concerned in conveying to us 
the sensation by which Ve are enabled to form a 
conception of the exact degree of contraction which 
has been effected in the muscle under different cir- 
cumstances. And in certain forms of disease in 
widely, theno is no loss in the power of contracting 
the muscle, but in which the mind does not form an 
accurate Idea of the degree of contraction which has 
been induced, it is probable that these nerve fibres, 
(H^tho centres with whicli they are connected, are the 
particular parts Of the nervous system which are 
involved. The cold feeling, the chill and shivering 
which precede a cold or an attack of fever, result, I 
believe, from a change brought about in these fibres 
distributed to the capillaries, consequent upon dis- 
turbance in the capillary circulation, and the phe- 
nomena induced tiiereby just outside the minute 
vessels. 

llifur connedion with ganglia . — Few questions are 
of higher importance than the determination of the 
relationship between the nerves distributed to the 
capillaries and those ramiirying in such great number 
on and amongst the muscular fibre cells of the small 
ai*terio8 which divide into the branches from which 
the capillary vessels spring. Now, I can adduce 
direct anatomical observations in favour of the view 
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which I have been led to accept. In the frog I have 
snceeeded in actually tracing nerve fibres from a 
ganglion to a nerve trunk, and from the trunk to the 
capillary vessels ; and in the bladder of the frog I 
have been able to follow fine nerve fibres from the 
ganglion both to arteries and capillary vessels. It 
is surely justifiable to infer that a similar disposition 
exists in the higher vertebrata And in man. Such 
an inference is, however, almost irresistible if we betir 
in mind the vast number of ganglia existing in the 
submucous areolar tissue of the intestinal canal and 
the course taken by the nerve fibres from these, and 
the fact of the great alteration frequently taking 
place in the vascular turgcscence of the mucous 
membrane. But, further, there are certain physio- 
logical experiments wbk?h have a most iipportant 
bearing upon the question under discussioitj and to 
which J will direct the reader’s attentions 

Phydolo(jical Expfttmenis . — Many years ago when 
I possessed two living specimens of the* Proteus, 
which 1 brought home fronf^tlie cave at Adelsberg, I 
often observed the cliange which instantly took plte 
when a bright ray of kglit was sudcfimly thrown upon 
the vessels of the exposed branch The little arteries 
of the gill suddenly contnicted, and the entire volume 
of the vascular tuft was reduced by at least one-third. 
The cinmlation through the vessels was instantly 
rebirded, the diameter of the capillaries was sensibly 
reduced, and the flow of the blood stream distinctly 
checked. The ray of light, I conclude, acted directly 
upon certain nerve fibres distributed around the 
capillaries, and an impression ^ing carried to the 
nerve centre, the muscular fibre cells of the arte^ 
were made to contract through the vaso-motor nerves 
which are connticted with the same nerve centre. 

Another experiment which may be easily tried upon 
the web of the ff^ot of the living frog is almost as 
conclusive although it is open to the objection that 
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the fibres which carry the impressioxi to the nerve* 
centre are not those of the capillary vessels, bnf the 
sensitive fibres distributed to the cntaneons surface. 
It must, however, be remembered that there are no 
special tactile organs in the part of the web experi- 
mented upon, and that the capillary vessels with 
their nerve fibres lie immediately beneath the thin 
cnticular covering of the web. 

The experiment is performed as follows : —The foot 
of a young living frog is well arranged for observa- 
tion and covered with thin glass, so that the circular 
tion in the vessels can be well studied with a quarter 
of an inch object-glass.. The illumination must be 
good. The tube of the microscope is then lengthened 
by ten or twelve inches. By this proceeding we 
greatly^* augment the magnifying power. Next, a 
small artery is brought well into the field of the 
micrdiicope,*’ and carefully focussed. While the ob- 
server is^ looking intently at the aHery the surface 
of the web near the spot under examination is very 
gently touched with tho point of a needle, which 
^ould have been ^already mounted in a handle made 
of a piece of light wood.? Instefntly the artery begins 
to contract, and in a few seconds its cavity is so 
narrowed that not a single blood corpuscle can pass. 
Tho contraction is not quite even, for the outlines of 
tho vessel appear more or less wavy. After a few 
seconds ar nndulatory movement of the coats is 
noticed, and the artery gradually dilates to the same 
deme as before the irritation of the web. 

The results of these experiments, considered in 
connection with their faoih discovered by careful ana- 
tomical investigation, proye, I think, conclusively the 
function of tho fine nerves distributed to the capil- 
lary vessels, and indicate the precise manner in which 
they act. These fibres must be afferent and carry 

* The experiment often succeeds when the Tuost distant 
parte of the web are touched. 
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*impre88ionB to the nerve centres from whieli the 
efifefent or motor branches distribnted to the coats of 
the arteries spring. In many tisanes and organs in 
which the cironiation is easily disturbed by peripheral 
irritation the nerve fibres mstribnted to capillary 
vessels are exceedingly numerous. 

911. Of the self-aetlBo BiechaBlm hj which the 
mppljr of blood to tlMoes Is repnldlted. — We are now 
in a position to consider the probable arrangement 
of the reflex nerve mechanism by which the flow of 
blood in the capillaries is regulated, and the equable 
distribution of nutrient fluid to the tissues outside the 
capillaries is ensured in a state of health. We shall 
also see how this elaborate mechanism is rendered 
self-acting, self-regulating, and self-adjusting during 
the healthy state. • 

As is well known, the nutritive operations* of man 
and most vertebrata have to be carried oU witMcom- 
paratively little alteration under very variable ami 
continually changing external conditions. A limited 
range of variation is permitted, but if the limits 
within which this self-adjusting i^paratus acts per- 
fectly, be overstepped in q^ther direction, as not 
unfroqueiitly happens under the very variable and arti- 
ficial conditions to which civilised man and domestic 
animals are exposed, the range of the capacity for 
self-adjustment is exceeded, the mechanism is stramed, 
and a part temporarily thrown out of ordftr, gv seriously 
damaged. Unfortunately repair can only be imper- 
fectly carried out, and the arrangement restored to its 
normal state in cases in which the injury is compara- 
tively slight. So complex is the mechanism and so 
widely distributed are its^interdependent parts that 
renovation after its destruction is complete is im- 
possible, and 1 doubt of its re-formation in the adult 
has ever occurred, or is indeed possible. 

In the diagram in Plate XXi, I have collected and 
arranged Ibhe facts ascertained by anatomical investi- 
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gatioBMt and, have represented tbe several parts 
which the self-regulating mochaniszpi is, I befieve, 
made np. I have also indicated what I believe 
to be their true relationship. Bv reference to the 
plan the reader will observe that the artery a is sur- 
rounded by muscular fibre cells which are supposed 
to be contracted, and the capillaries near the artery 
over the figure 2 dre also represented as they would 
appear when very little blood was traversing them ; 
while those to the left of the drawing, over figure 1, 
are as they would appear if distended with blood. 
It is obvious that in the first case an interval would 
exist between the nerve fibres and the capillary 
vessels, while in the latter, where the capillaries are 
distended, the external surface of their walls would 
bo almost in contact with the nerve fibres and the 
particles of bioplasm connected with them. A dark 
line en each side of the artery indicates the diameter 
of the vessel when its walls arc relaxed, and similar 
dark lines within the dilated portion of the capillary 
vessels, over figure 1, show the diameter attained by 
ttfese vessels wlien tlio flow of blood through the 
artery is checkeef by t^ie contiuction of its muscular 
coat. 

Such an arrangement as that represented we 
sliould find would act as a self-regulating mechanism 
of the most perfect kind. Suppose for a moment a 
tissue is ^;ec<Jiving more nutriment than it appro- 
priates, the capillary nerve fibre will be at once dis- 
turbed, a change instantly transmitted to the nerve 
centre, and the eftei’out nerves distributed to the 
artery participating,ithe muscular fibres will contract. 
The arterial tube will be jnstantly narrowed, and less 
blood consequently sent to the tissue. In an opposite 
state the phenomena would be reversed — the ai^rial 
walls relaxed Jind the capillaries distended with blood. 
Or suppose tlmt any noxious materials or living 
germs of any kind were making their way Irom with- 
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out into the blood, it is obvious that if the nerve ffbres 
(Jistrfbuted to the capillaries were healthy they 
would be instantly affected by the contact of the 
foreign body, and the vaso-motor nerves of the 
arteries would as instantly respond to the disturbance 
excited in the ganglion coll. The contraction of the 
arteries would follow, and the narrowing of the 
capillary vessels, and a corresponding increase in 
the thickness of their walls would result. This last 
condition would l>o likely to prevent, and would 
certainly retard, the ingress of particles to the blo(jd. 
I’lio foi*eign body thus kept from entering tlie current 
of the circulation might remain till it was destroyed 
or altered by the surrounding fluid, and thus ren- 
dered harmles.M, or, in the case of living nmttcT, till its 
death had occurred. In this way it may be tjiatthc 
capillary nei vc's of a person in perfect health protect 
him and are directly iiist rumen tol in pre\^entin^ the 
access to his blood of suhstanecs which agt) with 
great difficulty changed, or which must infallibly 
produce disease if tliey find*their way into his cia»* 
culating tlnid. The fibres distributed to the capil- 
laries are probably fliose wjiich arc irntated or 
panilyzed by certain subHUuices which after being 
absorln^d by the blood at one part of the system 
innisutle througli the delicate walls of the vessels in 
other situati»ais, and are thus brought into contact 
with the iicrv(j fibres just outside the? capillaries. 
Tliese nerve fibres are, 1 lK‘licve, primarily affected in 
<*ase8 of sudden death resulting from the presence of 
certain poisons, such as hydrocyanic acid, and are T 
think influenced in the production of those slower 
changes which arise fn>m poi^nous matters of anothe^ 
kind being introduced into tno blood. 

SIS. Influence of tlie veins. — In regulating the 
flow of blood through the capillaiy vessels it must 
not, however, bo forgotten that the veins perform 
an important part. By the reduction of the calibre 
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of the Tein the circulation of the blood in the^ 
capiliaries would be retarded; and as a ^ven 
degree of contraction of the muscular 6bre celte can 
be preserved for a certain period of time, it is clear 
that the veins share with the little arteries the office 
of regulating the flow of blood through the capillaries, 
and form an important part of that mechanism 
through the instrumentality of which the distribution 
of blcxwl to the tissues and organs of man and the 
higher animals is constantly regulated and controlled. 
By the contraction of the muscular fibres of the 
small veins the lateral pressure of the blood upon 
the capillary walls may he altered from time to time, 
and the rapidity with which the blood traverses the 
capillaries mode to vary. 

The /jroallest veins, like the capillaries, are des- 
titute of muscular parietes, but are remarkable for 
the l^/oat humber of oval biophists connected with 
their co^ts and projecting in^ the interior of the 
vessel. In many of the sraallor veins the united area 
of the bioplasts would .considerably exceed that of 
{he membranous^ portion of the wall of the vein. 
Fig. 2, Phite XV, pagq 293. These bioplasts art? the 
agents conceniod in the *al)8oi*jition of nutrient con- 
stituents from the blood and their distribution in an 
altered form to the tissues. It is these bodies which, 
by removing and taking up certain of the aub.st«viicc8 
<ltssolved ill iV, promote the onward flow of the blood. 
Thus, ns has been already stated, the vis-a^fronte 
action may Iks accounted for and explained. If, from 
any circumstances, those bioplasts do not act pro- 
perly, tlie blood flowi through the veins at a slower 
rate, unless the force wijih which it is propelled is in- 
creased. 

SIS. Action of. the nerve-flbres of the capillary 
vcscclc In innammatlon. — It is scarcely possible that 
nerve-fibres lying very clo^e to the capillary walls 
should be uniMuenced when the volume of blood in 
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iho capillary is increased, as in congestion. By 
loiig^ntinued stretching or pressure to which these 
delicate nerve-fibres would be subjected, partial 
}>aralysis would be induced. 

In inflammations and in the long-continued feverish 
cxjndition, the growth of bioplasm external to the 
vessels, and which results from the multiplication of 
bioplasts that had trav'ersed the captllarv walls during 
the stage of congestion, must (seriously impair the 
action of thc^e nerve-fibres ; and there is good reason 
to think that some of the phenomena tliat ensue are 
tlie direct oon.se(|uenco of the nerve disturbance. 
I.*<*t us, th(*refons ctmsider very briefly tlio changes 
occurring in one of the sligfitest and most familiar 
forms of inflammation — common flea-bite. 

The tissue.s which ara ])erforated by the gutting 
instrument of the flea us it penetrates, wodld be, 
first, the e[)ithe1ium ; next, that modified «onn€v5tive 
tissue with its “ corpuscles ** (masses of bioplasm) 
of which the papilla} and the most superficial layer 
of the true skin consist. Embedded in this con- 
nective tissue art^ certain vessels and nerves. ThV 
following tisKU(?8 wouhkl)e more or )ess damagcnl by 
the passtig(j of any sharp jnsltrument thn)ngh the 
difleiviit layei*s of the skin, — cuticle, comiective 
tissue, the capillary vessels (lymphatics in some in- 
stances), and nerves ; and these are the only tissues 
which can Ik* aflccted under the circumstances 
alluded to. Now the capillaries, as wc know, receive 
blood from the arteries ; and the calibre of the latter 
vessels, and therefore, the quantity of blood travers- 
ing them and the capillaries, is determined by the 
state of the nerves which supply tnem, and the nerve 
centres. ^ 

Now', it will bo noticed in a flea-bite or other in. 
flammation of skin, that there is *a certain Vdnsh 
which is very deep in colour close to the wound, but 
paler in tinl^ extends a considerable distance around 
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tlie point actually injured. Hiis mflammatory blusli* 
too#; H can be easily proved, may be completeljr re- 
move by pressure. If I press the skin, the tint of 
the portion inflamed will become pallid and of pre- 
cisely the same hue as the surrounding healthy skin. 
When I withdraw 1:he pressure, and the blood is per- 
mitted to return, the pallor is gone and the capillaries 
of the normal skin are distended to precisely the 
same calibre as beforo ; the dilated vessels in the seat 
of inflammation ar<?again dilated, and to precisely 
the same degree as before the blood was pressed from 
them. This simple experiment proves not only that 
there exists some mechanism by which the calibre of 
the vessels may lie not only increased and reduced so 
as to allow a larger or smaller quantity of blood to 
flow through the capillaries in a given time, but that 
the increased quantity of blood which tni versos those 
tube8*in ififlammation is determined and regulated 
by the d^jgrec of contraction maintained by the mus- 
cular fibre-cells of the small artcTies. The pt^rticular 
sl^ite of contraction cam be kept up only through the 
instrumentality oj* ni?rves and nerve-centres in which 
a certain temporary clvmgo hrtri l)een established and 
is maintained for a time. Such an arrangement as 
that described in page 327, would enable us to ex- 
plain the facts alwvo referred to. 

In the early stages of inflammation probably more 
blood actiially flows through the capillaries of the 
inflamed part than through those of the healthy 
tissues ; but after a time, as is well known, the cir- 
culation liecomcs slower, the capillaries are distended, 
and at last the bloo(i ceases to flow. The self-regu- 
lating mechanism fail&i^ to act, and, unless relief 
speedily follows, may bo destroyed. 

Inflammation, as it occurs in the tissues of the 
higher animals is an exceedingly complex process, in 
which vessels, nerves, and many other structures take 
part. But changes are also occurring during in- 
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flammation which produce an influence upon tha 
nervi-fibres outside the capillary vessels in an indirect 
manner. If the inflammatory change is not quickly 
succeeded by a return to the normal ^tate, partial or 
complete paralysis of the little arteries results; tlie 
capillaries necessarily become distended, and their 
walls so attenuated, that the passage of fluids through 
them from the blood is very much flicilitated. There 
is increased exudation. Now the exudation that 
escapes is not simply a clear flil||i from which par- 
ticles are deposited after the manner of crystals, and 
aggregated so us to form “ cells,” but at the time it 
is poured out then' are su^cndeii in it numerous 
living particles. Thest^ parucles are found in con- 
siderable number, and are prt)bably comjjosed of 
matter like that which enters into the compogition of 
the wdiitc-blood corpuscle. Moreover, the sn^ll par- 
ticles detached from the white-blood corpascles^make 
their way through the capillary walls, and divide, 
and subdivide, and give rise in a short timb to mul- 
titudes of minute bioplasts Vhich can only be dis- 
tinguished by the aid of very high magnifying 
|)owcr8. This was refcrnHi to in paper which was 
presentcil to the Micioscopidtl Society, in 18(53, and 
published in the “ Transactions.’^ In many cases 
where the capillary vessels are distended, living par- 
ticles of bioplasm pass through. These being sur- 
rounded with nutrient matter, grow, amd divide, and 
subdivide very freely, and in this way aA produced 
the multitudes of bioplasts commonly found imme- 
diately surrounding the capillary vessels in the earlier 
periods of inflammation of complex textures. Where- 
cver fluid in which are suspended living partiqjes 
stagnates, the conditions^ are favourable for the 
ab^rption by the living bioplasts of an increased 
quantity of nutrient material. Kot only may this 
increas^ absorption of nutrient material occur out- 
side capilhuy vessels, but it may proceed in the sub- 

X 
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stance of a blood-clot. The white-blood corpuscles# 
entangled in the clot have been known to mpltipiy to 
such an extent as to give rise to the formation of 
multitudes of bioplasts which form a soft pale semi- 
fluid mass, exactly resembling a drop of pus. Pus, 
indeed, has been formed in a clot of fibrine. It is 
possible, that under some circumstances, pus may be 
formed in a clot o£ blood. 

In this way I would venture to explain also the 
changes which ensue in the serous or fibrinous exu- 
dation which occurs in the inflammation of certain 
special tissues. As is well known, serous membranes 
are subject to what is known as adhesive inflamma- 
tion, which is described by some pathologists as if it 
were distinct from the suppurative. But pus may be 
formed upon the surface of a serous membrane. 
When i/e consider the structure of the serous mem- 
brane^ and J)ear in mind how exceedingly thin it is, 
and how close the vessels are to its free surface, it is 
easy to feonceive that minute particles of bioplasm 
would pass through, collect upon the free surface, 
gavjw and multiply, and give rise to the enormous 
quantity of fibrihous material frequently seen, for 
example, upon the surface of the pleura and peri- 
cardium in inflanfmation. In this way is probably 
produced the “recent lymph.*’ We know, however, 
that pus may be formed if the process goes on. As 
nutrition increases, the little bioplasts multiply ex- 
ceedingly ; ‘^the “ lymph ” is found to consist almost 
entirely of bioplasts, which even ^ke up the fibrinous 
matter, as well as soluble nutrient substances by 
which they are surrounded, and at last “ pus,” which, 
.aSp I have shown, consists of multitudes of rapidly- 
growing living bioplasts, insults. 

It is not possible that such changes as those de- 
scribed could take ^lace just outside capillary vessels 
without seriously implicating the nerves themselves, 
.leading thereby to disturbance of the nerve centres, 
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fend by reflex action to tbe extensive and widely- 
disti^uted nervous derangement which usually at- 
tends serious inflammations and general fevers. * In 
both classes of diseases the characteristic general 
disturbance is duo entirely to changes in the capillary 
vessels and in the nerves of the capillary vessels, 
the arrangement of which has been described. 

S14. Alteration of nerve fllires &nil capillaries In 
clironlc disease. — The condition of health is dependent 
upon the integrity of the nerve fibres distributed to 
the capillary vessels. It is therefore of the utmost 
importance to do all we can to keep these delicate 
nerve fibres in an active st^te. By exercise, cold 
bathing, and external rubbing, that amount of activity 
of the nerve fibres and change in the capillary circu- 
lation is ensured at least once in the tweiky-four 
hours that is required for keeping the nerve mechanism 
which has been described in good order afld aettvity. 
These nerve fibres are, as it were, the sentinqjs which 
give the earliest information ^of the dangerous proxi- 
mity to the vessels of matters the entrance of whi^ 
into the blood might occasion sorioi^ disease or cause 
death. So long as th^e sentipels are active and in 
good working order, warning is given in time for 
the performance of acts which prevent the ingress of 
deleterious substances ; but if they act sluggishly, or 
if the excitability of these nerve fibres is numbed by 
certain agents, time is allowed for thfi ppison just 
outside the vessels to make its way into the blood : 
while if they are paralysed, even temporarily, the 
state of things is far worse. No watch is kept, and 
the organism may be destroyed an invading poison 
that under other circumslgjices might have been 
effectually excluded. 

In many forms of chronic disease the nerve fibres 
distributed to the capillary vessels, as well as those 
ramifying upon the small arteries and veins, de- 
generate sSid are at length destroyed. So that the 

X 2 
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variations in vascnlar tension and blood distribution* 
which occur in the healthy state through the agbncy 
of these nerves cannot take place. If, therefore, in 
consequence of the body being exposed to very ad- 
verse conditions the circulation be much disturbed, 
the derangement cannot be compensated or the injury 
repaired. It too often happens, indeed, that the 
damage progressively increases until sufficiently great 
to render a fatal result inevitable. 

In fatty degeneration of the capillary vessels and 
small arteries, the fine nerve fibres are also involved, 
and the mechanism for regulating the flow of blood 
through them is gradually impaired. In some cases 
the nerve fibres and the muscular fibres of the arterial 
coats have so completely degenerated that the distri- 
bution iif blood is greatly impeded. The outline of 
the vessels becomes uneven, their coats thicker in 
somd^placeft than in others, and the lining membrane 
rough. The elasticity of the vascular walls is much 
impaired, and in not a few instances the tube is 
actually rigid. The nuttition of every organ in the- 
body suffers partjy from changes which act through 
the circulation of the blood, *and in part from the 
altered composition ot ^he blood itself, which is 
gradually induced by the deranged circulation oc- 
curring in the blood-forming and blood-changing 
organs. 

The chapgds in the minute vessels are, I believe, for 
the most part brought alpout in this wise. From in- 
creased nutrition the bioplasts of the capillary walls in- 
crease in size and divide and subdivide. ( See “ Disease 
Germs,** 2nd editiop, page 218,) Plate XXII, figs. 

2. Again, owing to the dilitation of the capil- 
laries and thinning of fiieir walls, particles of bio- 
plasm escape froip the blood and accumulate outside 
the capillary wall. These grow and multiply, and 
give rise to bioplasts from which connective tissue 
may be formed, or which after a time rnhy die, and 
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^ive rise to products which cannot be readily • ab- 
sorbed, and which as they accumulate will seriously 
interfere with the operations connected with nutri- 
tion and impede the flow of nutrient fluid from the 
blood to the adjacent tissues, as well as prevent the 
return to the blood of the products of decay. We 
see, then, that the structural alterations are conse- 
quent upon changes occurring i* bioplasm. The 
bioplasm itself would not have been in the situation 
indicated if the normal action of the capillaries, 
arteries, and veins had been maintained and con- 
trolled by the self-regulating mechanism which has 
been described. ^ 

The deterioration in structure of the coats of the 
larger vessels is also due to an abnormal growth of 
bioplasm, depending probably upon a previous^ change 
in the composition of the nutrient fluid hf which 
their coats are permeated. 

The deposition of the so-called atheromatous ** 
raatenal in the wall of the artery is due td changes 
consequent upon the prescribe of bioplasm in undue 
proportion at a much earlier period. Bioplasts grbw 
and multiply in tlio «6ubstance of \he arterial coats. 
By the increase of these collections the layers of elastic 
and muscular tissue are separated from one another. 
In consequence the tissue deteriorates. After a time 
the bioplasts die. Of the substances resulting from 
their death some are absorbed, but othors, such as the 
fatty matter and calcareous salts remain Tjehind and 
accumulate, constituting the hard or soft matter 
which is found in the substance of the arterial walls 
in cases of very long-standing disease. Such are 
some of the remarkable aiteratfons which take pli\^e 
in the walls of arteries, an'U not commonly precede 
rupture and the occurrence of aneurismal dilatations 
in the case of the largest vessels. Changes of the 
same character aflecting the smaller arteries and 
capillaries invariably lead to serious derangement of 
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the nutritive operations, and eventually to irreparable 
structural alteration in the tissues in which ^^:hey 
ramify. A number of fatal diseases originate in 
changes in the vessels, and in many cases it is almost 
certain that the change in the wall of the vessel is 
indirectly due to an altered state of the blood, which 
may have been caused by injudicious living as regards 
the quantity and< quality of solids or liquids swal- 
lowed. 


List op Mioboscopioal Specimens illitsteatino 
Lectube XII. 

No. of diameters 

No. ^ ^ magnified. 


128. Frog’s foot, showing arteries, veins, and capillaries 

injected 40 

129. Bladder of frog, showing arteries, veins, and capilla- 

rits, injected with prussian blue 130 

180. Capillaries of pia mater injected with prussian blue . 130 

nes of retina. Ox injected with prussian 

130 

ries of lung , . . . . . • • . • 130 

„ liver •• •• ,. 130 

< ‘ „ kidney 130 

183. Malpighian bodies, showing a^fferent and efferent 

vessels . . # . . . . . . . . . 130 

134. Capillaries of villus . . ^ . . , . , • . . 130 

135. „ large intestine . . . . • . . . 130 

136. Capillaries of the margin of the cornea, showing 

mode of development, injected with prussian blue 
— Guinea-pig.. .. .. .. .. 210 

137. Capillaries of striped muscle — Frog 130 

188. Capillaries of nerve — ^Frog . . . « . . . . 130 

139. Capillaries of pia mater, injected with pale prussian 

blue, showing thin transparent wall . . . . 700 

140. Capillaries of ciliary processes of eye, showing trans- 

parent walls, with numerous bioplasts . . . . 220 

141. Bioplasts of arteries, veins, and capillaries, coloured 

by carmine fluid — Pia mater, lamb • . . . 130 

142. Bioplasts, of capillaries, of nerves to capillaries, of 

eonneotive tissue, and of fat cells — ^Frog. . . . 216 

144. Bioplasts of capillary vessels, well coloured by car- 
mine — ^Pia mater lamb .. •• • •• 500 
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No. of dfameters 

No. magaifiod. 

145. •Elastic tissue of large artery , . • • . . . .■ 220 

146. Triangular muscular fibre cells — Aorta human sub- 


iect . . 

147. Elastic tissue of veins . . 

148. Striated muscular tissue of cava near auricle — 

Frog 

149. Large arteries, frog, showing ganglia and trunks of 

nerve-fibres in great number . 

150. Small artery of frog, showing muscular fibres and 

numerous nerve-fibres distributed in the connec- 
tive tissue around . . 

151. Nerve-fibres distributed to muscular fibre-cells—- 

Small artery frog. With the aid of a high power, 
-j^, some of the finest ramifications of the nerve- 
fibres may be traced amongst the muscular fibre- 
cells • . 

152. Nerve-fibres ramifying in the areolar coat of a very 

small artery — Frog . . . . . . . . • . . 

153. Nerves distributed to arteries, veins, and capillmdes 

of bat’srwing . . . , . , « . .• 

154. Dark -bordered nerve- trunks and branches to capil- . 

lary vessels, which run j)arallel to the vessei, and 
are connected at inter^^als by communicating 
branches. Sec Plate page 315. In this spe- 
cimen fine nerve-fibres can be tra^d from trunks 
consisting of five or six fine dark^ordered nerve- 
fibres, and followed to the c&pillaiy vessels. From 
the connective tissue coVbring part of the mylo- 
hyoid muscle of the hyla or green- trw frog 

155. Part of same specimen showing nerve-fibres ramify- 

ing close to capillaries . . . . . . . • 

156. Fine neiwe-fibres distributed to the cornea. Hyla. 

In this specimen numerous lietw'orks of eAremely 
fine nerve-fibres are seen in the substance of the 
conical tissue. Most of the masses of germinal 
matter in every part of the field belong to the 
comeal tissue, and are the so-called connective 
tissue corpuscles, but oval manes of bioplasm are 
also seen in connectioif with the nerve-fibres. 
Tlie nerves are not continuous with the branches 
of the connective tissue corpuscles as Kfihne 
supposed, nor do they give off numerous branches 
to the epithelium of the conjunctiva, as recently 
statSd by Cohnheim 


220 

220 

40 

220 


220 

220 

220 


215 

700 


220 
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No, niagnifled. 

157. DirisioTi and branching of fine nerve trunkR, and • 

diatribution of fine pale fibres to capillary veasel. 

The portion of the specimen under the microscope 
is in an interval between two portions of a muscle 

(voluntary) from the neck 220 

Part of this preparation is represented in Plate XIX, 
fig. 1. In this and several other specimens, the 
fact of ihc existence of nerves to the capillary ves- 
sels is positively demonstrated. I have elsewhere 
adduced reasons for concluding that these with 
the fine nerve-fibres ramifying in the prop{?r tissue 
of the cornea and otluj^r fibrous textures, those 
around the urinifiTOUS tubes and various gland 
follicles, Ac., constitute the afferent portion of the 
system, t-o which belorfg, as efferent branches, the 
BO-C4illed vaso motor nerves distributed to the arte- 
ries. These two sots of fibres with the ganglia 
coilimon to both, constitute the self-regulalinff 
meihanism, by which in health the equable flow of 
4 ^utricnt matter to the various tissues and organs 
of the body is maintained, and through which any 
tomyorary disturbances are at once corrected or 
compensated for. Anj^tomical observation does 
not justify tlie conclusion so generally accepted, 
that there is a ^special system of nerves presiding 
in sonic mysterious W’ay over actual processes 
of nutrition and change, going on in each individual 
cell. And many of the facts taught us by experi- 
ments on living animals receive a more satisfactory 
explanation upon the view hero advanced. For in- 
stance, there is the interesting observation on the 
• foot of thcvliving frog reconled in page 325. 

158. Experinitent. The frog’s foot arranged as to show the 

vircuhvtion small artery is to brought into the field of 
the microscope. Py gently touching the surface of 
the skin, even at a considerable distance from tlie 
point where the small artery is situated, it may be 
made to contract ^^iolontly. In this experiment, 
the afferent fibres are irritated, an impression is 
carrietl to the nerve centre, and by the disturbauce 
produced the oiTerent fibres are excited, and con- 
traction of the artei 7 results 215 

159. Fine nerve-fibres distributed to capillary vessels of 

the palate of the frog forming networks* and 
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No. of diamefoni 

* No magntfled. 

plexuses of fine fibres, many of which are less than 
111® \ark ' sTrn of an in«*h in diameter . . . ; 220 

160. Fine nerve fibres distributed to capillary vessels of 

papilla of the tongue of the hyta, or grecn-treo 
frog . . . . . . . . . , . . . . 700 

161. Fine nerve fibres distributeii to capillary vessels of 

the poritoueum of the frog . . . . . . . , 220 

162. Capillary vessels and nerve-fibres from the tip of the 

mole’s nost^ . . . . . . , . . . . , 220 

163. Very fine nerve-fibres distributed to the capillary 

ve.ssels of tlie bat’s wing . . . . . . . . 220 

161. Another specimen, showing capillaries and nerve- 

lihres of bat’s wing . . . . . . . . . . 700 
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100 UBINABY DEPOSITS, IN TWO SHEETS. 

Now ready. 

Mounted an rollers^ 3#. 6rf. each Sheet, 


ON THE STRUCTURE AND FORMATION 7)F 
CERTAIN NERVOUS CENTRES, 

Tending to prove that tlic Cells and Fibres of every Nervous Apparatus 
form an uninterrupted circuit. 

Quarto, 8 Plates, containing 46 Figures, 5s. 

INDICATIONS OF THE PATHS TAKEN B7 THE 
NERVE CURRENTS 

As they traverse the Caudate Nerve Cells of the Cord and Encephalon. ^ 
One Plate and four Figures, l.v, Od. 


THE ARCHIVES OF MEDICINE. 

A Record of Pnu'tical Observations and Anatomical and Chemien? 
R-esearehes connected vrith the Observation and Treatment 
of Disease. 

Edited by Dr. Bkal^, 

3s.* Each Number. 

Vols. L, IT., ITT., and TV, Vols. I. and IT., 15.v. each; ITT., lls.i 
and IV., 13s. Subscription for four Numbers, cjonstitutintr a 
Volume, Khj. 

The First Number of Vol. V. now ready. 

All communications to be addressed to the ^ditar. 


These Works contain the result of the Author's oriyinal investigations. 
They are illustrated with upwards of 2,000 Enyratings^ all carefully 
copu>d from the actual objects^ and most^ff which have been drawn on 
wood by the Author himself. ** 
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Preparing for PuhUcaiion^ uniform with “ Kidney JDweaeeSy *t n«ai 
Deposits^ and Calculoua JDisordersf and the “ Microscope 
Medicine!* 

THE DISEASES OF THE LIVEB AND - THEIR 
TREATMENT. 

TncluiQh^ the Anat-omy of the Organ in Man and Vertebral 
Awmals. VTitli upwards 6f 50 Plates of original Drawings, being , 
second edition of the Author’s Work on the Liver, 


CONTENTS. 

I. — Of the method of investigation —Preparation of specimens foi 
doinonstmtiiig the structure of the liver— Of injecting tin 
vessels and ducts. 

IT,— The liver ‘ cell ’ or elementary part. 

IIT.-rThe invertebrate liver. 

IV.— The vertebrate liver — Qonernl arrangement — Portal canals — 
HtJimtie venous (iunals— The lobules of the liver— Distribution 
of n'ssels — Portal vein — Hepatic artery — llc])atic duct — 
Vasti abor antia — Lymphatics — Nerves — Vessels of gall 
^llvdder — Glisson’s ca])8ule — The intimate struct un* of the 
lobules — Cajullnrios — Celhcontaining network — The liver 
* cells* of vertebmte animals. 

—On the ultimate rttmificuti.ons of the ducts, and of their con* 
♦ ‘ neet ion witli tlw cell-containing network ; in mamiiuili.a, 
binls, reptiles, and iishes — The conclusions of previous 
observers. 

VI. — Tlio circulation in the liver —The position of the liver os a 
secreting organ — The liver and kidney eoinparod. 

VII.— Diseases of the liver — Of congestion of the liver. 

A'lll. — Of the forimvUon of cysts in the liver. 

IX. — 0( fatty lit'er -Deposition of fatty inuUM*: at the circum- 

fereneo of lobules ; A, in the eentro of the lobules. 

X. — Of M’axy, albuminous, or amyloid degeneration of the liver. 

XI. — Of eirrhosis of the liv^'^. 

xii.-»or eanecr. v) 

XIII. — Of jaundice. 
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_ r Seuieb of OBiaiKAL Works qk Vital Phenomena, and on 
Miiuitfl iStructure ; treating of subjects of importance to the 
I'ri givbs of Pii^'siologj and Medicine, technical terms beicg'as much 
us possible aroided. • 

• 

Of THU SeSIBS the following AEE ALBEADT published, OB IN A VEIT FOBWABD 

^ STATE 


Third Edition^ much enlarged. Coloured Elates. 

-PROTOPLASM: OR LIFE MATTER. 

With Original Observations on Minute Structure, and numerous 
New Coloured Drawings. ^ 

[Nearly ready. 

Second Edition^ much enlarged^ 28 Elates [many coloured). 12a. 6d. 

h.-DISEASE GERMS: AND ON THE TREATMEsf 
OF DISEASES CAUSED BY THEM. 


AVitli observations on the vakic of Alcohol in Fever. 


Taut I. SUPPOSKI) NATURE OF DISEASE GERMS. 

Of a GiTin. I Spontaneous Generation. 

ti*Tnn< in the Air. Germs in the Tis-xaef 

Du't amt l>i9jas.‘. | Genn.s in Disease. 

I’.uiT U.— REATi NATURE OP DISEASE GtRMa* 


Itinplasin nnd its Deynulalion. I Entrance of Disca^* Germs. 

Dicea-st tieriiis in fluids and .secretions. ) Esea]ie from infected orjfaaisu 

Nature and OriKiu of tlie CentagUms J>i.seusc Germs. 


Part II I. -THE DESXRUCTlbN OP^DI.SEA.SE OEHSmB. 


Disinfectants. I TT.sc of tlu' Rulplio-Carbolatea. 

l.isfor's Views. ♦.Fever Germs. 

Jtilliienee of nacteriu. J |•rinci)yyl^ 4 )f Treatment. 

I’estrueti.m of Get ins in the i»ody. f Thu I'ehrile'.Statc. 

Aclioii of .Sfimulants. 


[A’om? ready. 


Four Elates. 3«. 6(/. 

ftlL-DISEASE GERMS. THEIR SUFPdSIlD NATURE 

A few cojiic.s of the fii^t ])ut <if the nhoyc work remain, and can 
be Imd .scjiarfitcly. 


tV.-THE MYSTERY OF LIFE. i. An Essay in reply 
to Dr. GULL’S ATTACK- ON THE THEORY" OF 

VITALITY. Two coloured Platea^^ 3 f. 6d. 

[Now ready. 
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V<-UFE THEORIES AND RELIOIOUS THOUGH' 

With Six coloured Plates, illustrating the arrangement of Living 
Matter in the Tissues of Living Beings. 6«. 6d. 

\Now reSdtf 


TEXT I500KS FOE STUDENTS. 

L-AN INTRODUCTION TO PHYSIOLOGY AND MEDI 
CINE. BIOPLASM : OE, THE LIVING MATTER 

OP THE TISSUES. With several Plates. 6 j. 

[Now ready. 


IL-DISEASE ; WITH OBSERVATIONS ON ITS NATURE 
AND TREATMENT. 

With now Eesearchos on Inflammation and Fever. Numerous 
coloured ^tos. Being the Third Course of Lectures delivered at 
Oxford by liirection of the Eadcliffe Trustees. 

[Preparing, 


la-ON DEMONSTRATitNG THE BIOPLASM OB 
LIVING MATTER OF LIVING BEINGS. 

With full directions for preparing specimens and preserving them. 

^ [Preparing, 


These Worhs contain the results of the Author's original investigations. 
They are illustrated with upwards of 2,000 NngravingSy all carefully 
copied from the <tctual ohjectsy ami most of whwh have been drawn on 
wood by the Author himself, 
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October y 1872. 
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